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[#S*ii*CDiBffl] 

t&v-;u KB £JtSPv-;u KB trorsi 

mtimsmtnftmm** mm-? u-bm£b<d± 

*-«romJlB^iBttJa<J!)att;<D*fi t tttolz U & J: ? 

anaa^ k. 

11*^4] KSBitiB. @3£«t£B, *ttte«SB 

ftmt-?z>nmm%.^v k. 

-**<01iiJSB!g 1 <©&»t±II(Da*fc<D:frflii£:Sfllc/«c£ 

*J-*»©lJiHB!g 2 <D3*BiteK<Z>8Hb©:frfij&<£<3-*KD 
jftSEIfS 1 <D^IBttB©Wk*rata&^|S|lc*4«fe 
tr-**<D1i>H2Jg 2 (D#8t4B£0>JI * £*rf £ c £ £ftta 

t?z>m*m4i~§zm<om®m^'>j k. 

O. 4~3nmffi8il;Jr,y > fiO, ££— *t<DiiiI 
s3m2©^mttM<D|gJ1^0. 4~3nm©Klt$.5 

[ts^S7] **-^©BaiBSB»/NvrxB<Draic 
•v ?B£ *rr-i> c t t 1 e-© 

i^brs mm t fc«B@3£«ii4B-e«m J*ifc-t * f# 



&mmZ1t LT*J[S! LfcBiHB@^«tl4BMa)»1bro^[B) 
^fc5t>I^O^lSllc/«f * J: 5 <C«>IIBIf»14B^a)Mm 

?*tsct$Mt -r sit s iciB»roa*igiiB^ 
[^10] «5jie»B@^iaiiBr-fct^T, b5Ib# 

ffi1±BR0>RJ?*<, 0- 4-3 nmfl>«iBl::fc£C££ 
^«<Dtttt14«»T'«t!iB«B$*tfc»B7 'J-iBliB 

i*-rtifr\zs&Mi<Dmmm%^v k. 

[H*^12] Tg?v-^KB©±lc^lS$^fcTS)l 
-7 :7J&JtB<D-tffil-. £3§iB14B. SSffltttB. $1 

mv&%m=i-*te&tz>% 1 rout. 

fe-«<D3*»^5«B^L. Mlc^©±|-. 
«OS^K1t)g^^B^MLT. ttEMHSBL IwSBSt 

Mfe»B«/WTXB0)fi±S5l~^$*T.fclSJrlBSS« 

&r©±ic st-*»©m«iu-KB^«-r*^3<D 
[^*^ 1 3 ] m mm i 2 mm 2 ©xsicfc^r. mi 

ttlJ^J-^^Lfc^ iSlffi7'J-»ttB<D±lc& 

S^ffittlS^SBEEmLT. £*3-**a>»B»>\VTX 
b s « m-r Z>% 2 ©Ig^tt SZt * ftft t -r 
^1 2lr!E«<D»g»9l^*y K<0BJ6*^. 

4] 2 0>m2<DIglCfclvC. ffi 

^©±£35 £51-, *mttBR, attttBK&l^S 
^ffi1±BM£B3*«B^RLfc«. fHB^i8ttl§<D-giJ 

7U-»ttB(D-SlIA<Sai-r-5«k5lc. '>/«c<t*«B 

x. tt-tt<nnmwuT*mtttii?z>m2.<DT.m 
^t*zt^atts»t«i 2iciB«(D»Ra£m 

^ y K<DS?it^rjS„ 

n.m<r>±zmo&?iz$mism£f8.mLtz'ik. *<d±iz 
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**vznmmo>±m\~. saamB, spurns, * 

i8ttB©-t|-. **£:&-**<D!g 1 ©2MB14JBL m 1 © 

ffl§©±K. £=&-**©»« U- KB £fl2fifc?- S^3© 
iSi. £*ir4Ci£fta£^£j*Bitt»'^ K©K 

**£=&-*t©!g 1 (Dim&m. fKD^Wil, !f52 
JSKLT, £*i-*t©«B*/WTXB£«*J£ir- 512 

(tt*at1 8 J f*#^1 6©!g2 0>X§lcfclvt, ffl 

t±is©±$a5<fc5ic. *i©*«tt»e. fgi©s» 

fcefriH^ y-attBro-snA^sas-r * j: 3 ic. '>& < t 
bmmtmztitzm&m i ©Batesis, mum z ©# 

<D-8P£iW»LT, B5IB7»J-attB©±lc*^SS- 
**©fg 1 ©^ttffig. % 1 ©SttttBL f2(D»«t 

or, £*^-#©«B«/WTXB£s*jjrr*!&2<Dx 
*i£*-rsci:£#»i?-£itf*en e iciBKcosSMia 

i5^m»ta^s* ; f©e±ssic^R£$^f-8«n27 

ttB©±^B5J:3lcmi©*«ai4m^^mLfc«, 

tern, flMett2a>?HtttK. m&m2<D&m&mRiftL 

*-»©S?SmttKA^ £ £ £:S-*t©l8/ 7 X B £ 

5^2 <j>x.w*m-?z> z. t & tamt-tzmnvz 1 

[gg*«2 0] BrJfe»B*8>W7XB©^JtgiJI~»fi£ 



^*ifcsa-«©B5fes^«ffi^&i;Mie*»ttRgtu 

«'J-KBK£«KU fIIB^»i4IS©-giJstt^l*H!rsH 
-KBIBt©-8B£89R!*LT. £*J-*f©®S'J- KB£ 

tetfL-tzn 3 ©is^tt^^ £ £ t-rzmxm 1 
2 1 j m&mmmu txb©s±bi::j&j£ 

£*ifc£*J-a©iiirlBR&ffitt^»t;&Taici£K£;ft 
fcB5IH*»1±M©Sm L/=±ffi£a? «fc 5 l~*fi -J- K 
BB£BKLfc». BSIEttttRBlittlffiettftigiaft 
©-SP*<»di-r * J: 5 l=, BfrSBmS U - KBR© 

[§I*]S2 2] WSB;KB*B£/nV7XB©S±SPI~«2j£ 

femrffim 1 ©*«tttM©sm Lf=±®^ a 3*3 tzmm 

<)- KBR£l£iBILfc£. fllEm 1 *>#BttM*l*l*M 
IBBa»taS4** : ?-©-gPA t Sai-r5J:dlc, HflfBBS 
'J-KBRro-SSS&JBfcLT, £=&-**©««M-K» 

3 ©issttici: * ?#at -r*tt#js 

1 9lciE«©BK«a^-v K©BJS*a. 
[»*«2 3] f5$*JB1 2©m3©xeizfcl%r, U 
yXhJ»RELT, ffllHBBB/WTXJKDBJigSlc^ 
fiK**tfcS*-^©85KS^»14Ji»^1iJ|fB*«14KsS 
tMifrlE«tSRt5taSftm^^©Bffi Lfc-htB©-gP© ±. 
££-#©*fcy-KB£ffiJ/irf £3l3(DXS£*r 

6~B#Jgl 8 0>t>-rti6>lcffi«©»BBSl^^ 
K©^^S. 

TXB©BJifi» $ ilfc 3E^->t* ©«!fiBS««ttlS 
RtfSTSf lr^$*tfc«Iia*ffil1tK©Bm Lfc±S© 

-s»©±iz. £=&-*t©m«u— KB^^r^ms© 
xs^^-r^ci^at-r^is^Bi 5icih«©bis 

RifWLTmztftmz titzffiszM 1 (onm^momm Lt 
±s©-s»©jiiz. *=&-^©*su-Ks^^-r* 
m3roxs^%-r-sct^at-r^ii*^i 9icfB« 

©»B»Si^-v K©S!ii^a. 

[ti*^ 2 6 ] is^js 12012 roisaui 3 ©x 
miza^x. ffitm%&VL%}%m : i-<Dm±mzMtfiziix 

fcfFI57'J-B1±B©Ji^a3«fe3l=^ai±B^ 3£ffi 
ttBK2ii;S^«14Blg^ JH^BfiEfg-T *m 2 (Dig 

sic, *<»±.\zmzfrm&&mmzmo*.o\znw)- 
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kbsbbu *^£«-»©sas*«i4)g> mm&m 
&mRifm&&&mimfri> ft***- nomm&j u 
t ^Baixs*-«©BDsma >j — kb £ Kfct z>% 3 

fcSfHB7 U-«ttB©±£«5«>: 5 lets 1 ©#»ttB 

micD^»ttBM, m2<o»{SiiB^ mzo&m 

lire. ^<D±lcMffiSa«ttBB*B5J:^lcma';- 
KBB*«HLfcB. BESSM ©#Bt±BB©-SP5Kt^ 

-W&MO-mmmr & J: 51-. *ft < £ *,«B(£B 

£ Mzmmz, 1 ©sigisi. bess 2 mwmmwL. 

'J-KBEO-^SHBtLT. US3>';-at±B©-tlc 
*t<DS5 l ©*BttB» mi©a«ttK, 12 
©*«tt«* m2CD^Btt±B. S»B^&U%S>j- 

-< 7XB*u=s«-«©fiiBma»;- FBfc^srrssg 
[ 2 s i &*-»©«nBma »j - kbjmxjs&ie 

l*B^#B1±BB©BffiLT-.tiBI^ BfcR&Jt. WfiH 

isi±0>fcto<z>* ^ v ?b ^mB-r *m 4 ©njtr * 

C££#«£-r-5il*Jii1 2~»*«2 7©t^-r*i.AMc 
[ fS*JJi 2 9 ] Tg(J v-;u KB<0±Icr£H * Hf=.TU 

o±ic. mi<D@^attBBi. iwaiiBB. ^2<o@^ 

Bt14Blgi*^ft*BB@£«ttB£l*lllU 

[«*JS3 0) Ttfy-A KBO±lcjSBi£;h.fcTSS 
**^JfeJtB©±l::. ESBttB. BSBtttB&t;# 

ffi^«B^«E*aBfi«^L, mz*<D±iz. mm<D& 



BttBHv , mno>z>>j-m\±mm (ni*2w 

lt. »»gfc&ii*^£^jrf ssnrox^sw-rs 
ct£*#st£-rsis*3n 2~»*B2 9oi»r*i3W= 

IBBOBKBa^y K©BB*a. 

[§«*S3 1 ] TBS/-* KBG>±lcj£|gi£;h.fcTB 
^*9?tft«Ba>±Bi::, KSftB&B. @3£«ttB. * 
BttBBBAtf^'J-BttB^K^BBfitBLr, Bft 

K-r-sBKoiefc. 

BE*"t"?7BG>-B$MBLTBE7 >J-B1£B£B 
tBS*. SajLfc«5IB7U-aE14B©±ir. 

%ttaB&tffi9ittan$ffi%iRBBjR 

LT, «||E#BIIII. ffiTC!IB1£B&VBIB5^BttR 

e, ft «£«-**a>BB£'W 7x1 i&^Bg-r *m 2 <o 
ttM<D±i=. 3t*-*j«>ms'j-KB^»Bfc-r4^3a) 

[B*B 3 21 3 10)12 (DXfllCifcUT. U 

JifcfilK*^ v :7Btf>-B£8>il8LTfiJiB7 'J-BttB 
£StBd#. BajLfcS5IB7'J-«1±B©±lr. 
*i-*t<D!g 1 % 1 OBttttM* £2<D#« 

ttBi S2©a«tlR*tffiB«tlK£W*»BrtKL 
T. t6-«©»I8/W7Xl$Mt*l3 ©IS 
**^**ci*1Wifr*»3jtB3 1 icBttOBBttB 
^ •y F0>BB^. 

[■«R3 3] M«*3 1<Dmi<0Xgl-fc^T, T 
»->-7l. KB©Jil=«K**i.fcT»^f ^ ^Jft»B<D± 
ffile, RSffi^Bi&fiEPL, MI=^(D±lc. I1©IS 
«i4BIS, ^BttBB, m2(D@£tt1tB@^^ft^B 
B®^«ttB^EtlSL. *©.bl~, *W£B«B2ttf7 

**^-*ct*i#at-r*si3jt]«3 i§tt>tti»*5i3 2 

»♦>— il> KBOilcfig^^ttfcTSP^-v »^««)S©± 
ffilc. K^ffi^B. B£BaB&tf»BtaB*B«BA 

Bia>7'J— BttBK. m2(D7'J-KttBM. -~ 

mn(D7U-«14Bm (nli2Kl±(J)jE(DS3a) 
«BfiEKLfc«B^'J-«t14B^»fitLT. iSagta^l 

m 1 ©n$*t*c t $^at-r^B*iS3 1 -is* 

JS3 3<Dt^-rttAMzE«<»BBBft^f KOSJBAtt. 
[«*«3 5) M*B3 1 ©msroxiiizfctNT. B 
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«t => \~mm <) - kb m^f&m l . me* -v ?b*im* 

-K®m<D-S»^»l(tfeLT. £:S-*t0>mii'J-KB£ 
ftgJitf Z>m 3 *Tf£ C t Zft&t ? 3 

1 ~ii#JS3 4(Dt^*l^lclBS<»3IM«m^ > K<C»SSf 

[W*JS36] «3*Jji3 ia>£3 0X8l::23l*T. M 

EK3i»14&.RlrtilE* * y ^g(DRm Lfc.tfficD-S& 
<0±IC Ui/X h£«£j£LT. »J—K» 

* j&jjR-r sse 3 (diss *r-r * d t $ i#a t r zm*m 
B?rfe*attJiK<o-gu^^i*iitii27 u-«14bg>-sia< 

Sm-r*J:5lc. »B£*itrSilE#8mBlgi. TfoESBI 
1fBlg&imEK&«1±BI£<0-8|l£imLT. 

#©«b»/w rxB£«m-r siiai::, «BJSK£*ifc 

E@3£«ttB<D**©l»-fb©7j|»Jj!»t. **<Dj^0>75lS) 
5£BBJ*K$:hJ-::1»EK&B&Blg;&lMS>E 

££#»i:-f-&is#j£i tiz&mommmm^v k©» 

[H*H 3 8 J BlIfBffiSiSKja^*^ 0>&±SB 1= 4 

Sg 1 (DSSBittgBt. g2(DIH8&BBl« s2(DSB 

O. fllB^ 1 (D2M81£BBitD-B|53atM*1i5E7 'J -Bttt 
B<D-gPA<Baif*<fc-5l-, '>£< £ ^»B ZHtzmti 

% i ©sub&bis. fiBem2<D^ffii4BK. mi§em2<D 
%iRm&&tji%i£m=F£ mat-? z>m&mizm&m * 

<D®.it<Dl5foff* 3fe*<Df?i£<D:£iailc&£,fc5(-QBJ£ 
ME^'J-rattBcO-tiBSa? #t8ttBI®. 3 

M-Klf!S0>-SS£8'lRfcL-C. **£:£-*J<Dmii*a/< 



-fTXBR^meu-KJi^^-r-5f!llc. «B/£I®£ 
£^t£#atirSl*#JS2 6l-E©W»)S»Si^-;> K 

itmm 4 o ] HtiiB»m»tit3as^^o)s±«picfc^ 
BiriB^';-«8t±)So±Bisa5«fc5Us mi<D#»itB 

mZtitzVi. R-o. flJSEIg 1 fl>#fltttBM0!>-*ttlM* 

HirBB3"j-»ttga>-sp* < aai-r*j:5i-. 'M<tt 

»B*ftfc1ii[E$l©3iilt14BK. ffrEfff2G>#B1£B 
P. ffiESS2 08KttB«. 8USBSSmt4B^&i;sniB 
m®'J-KB^(D-gfJ$BiJI»Lr, =fe*£:£>-*KD«B 
a/WTXB^ffi'J- KB^BA-r *flH~. SBfi£ 
HSftfeinlEm i ©MfifS. H&E3& 2 (D&tt&Big 
»i;BfrfBfitta«ta3ai^ig^S«fi£-r*^IB@^«14BG) 

Bl*«**ifc»refiilBttBM&tfBEttft«la»*B 

^oBEEaiBttBiawDa^ttijt* c t s<#at-r -s 

[i**^ 4 i ] S*-»©H5E*e 'J - KB&tfttfi 
KmStt38bSKI^<0*ig5lcfci,fflEP >J -aiiBstt" 
lifflElf«ttBIS<OBasLfc±®lc. #-V9^1M«jMI 
$*tf=«. fio. ^R^+ifclifrE^r-V^^B, &&-*t 
©BilEmffi 'J - KB. S«-«CD«B»/>'-r TXBXIK 

BnEmmftfitss^^A^^ro^ttic/^^-^^y^^x 
BirE»Baf/^TxBS»^-r-5srrE^«att)§»i; 

H5E«St»fiv^l*m^S«lfift-r*«>lE@^«ttB<D*>!r 
©fi5<b(D7?|S|*^ *^<D3TS<073lSHc/«cS<fe5lcfJEa 
B«/ W 7X1$ «fi£-r 4 BiFER^ffittBK&l^frEia 
ft«tj»bBB?C!>fllEfi%BlttBI=»«B«lB x« C t 

s#iai:-r4i**«2 8izE«t©aig«a^-v kosb 

[«WO)»tt<EUllH] 
[0001] 

(HDD81) *<0«§lE^«E«:l=*tLTSffiJS(DE^ 
[0 O O 2] 

«<Dat9tENkttft£»-r*Eft • S^I-fct^T. ffiSiS 
3SE»ffiS<fc^<DIRy«^A^b**i.oofc?> 0 
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[0003] JUT, ttXOMHBft'v? Kl=OL>T@ffi 

[0004] @2 3»i;a2 4ii, &.&<Dmmm%*>v 

[0005] H^r-fX^&SI-fctt&g^© 
I*. @2 3(^-r«fco^:fitPMR (GMR) HlsVVr 
[O O O 6] @2 3lw*5l>-C. /<— ^D-f , CoSTt 

;u^r xfiMilBisSiM* f e 5&£$»ttlt*©*t«ti*m 

T?IEK$ftfcTa->-;i'KB2 3 1 0>±lZA I 203. A 

y v -Jimm 232 fr&m&h.. miz*o>±mzmtm. 

(MRSt^tMiGMRtH^-o £IT\ GMR 

3 3C5*SSI«^SP^C o P t &&m<0#nT'»'U T 
XH2 3 4*<j£&£;h.-&. GMR*?2 3 3(D±ffii:f 

2 3 4(0±ffil=^)S-r-6«fc5IZ. Cu, CrSl>l±Ta 
lf<D*t**^fflU-Cm«'J-KH2 3 5A^BE**t*„ C 
C-e. m«'J-K»2 3 5IA«/WTXji2 3 4(0±® 
&tfGMRi!t^-2 3 3©- a5©±ffil^*"i>«fc5lC L 

t, mau-KJS2 3 5$*KLT*ftt^ 

'J-KB2 3 5tGMRi^2 3 3 ©SiB LfcSMXD-h 
IC. TS&¥* y ^ffe»»2 3 2 £B#©#ttt«fe»*m 
£ ffll*T -t6S** V ^«»» 2 3 6 £j*|8IT 5Ef=. 
±IMF-V V :?*6»B 2 3 6<D±|C. TSPv-JU KB 2 3 

K92 3 8$Iit4„ 

[0007] ±8P->— Jfc KI2 3 7 (DJiffilcTSJ 

*\ v zftmfa 232 t mmmmw&mm*mitm*T 
%m.*w?m2* 1 £Bt§iu Kce«4r*?7B2 

4 1 $^LT±«v-^KH2 3 7IZ»|^L. fiO. Ife 
©SP#T?±g&v-;i> KB 2 3 7|C» LTt^±ai»a2 
4 2£»«tt«*4£^Tj£BI«^U SEfi^-y^B 
24 1 ^LT±av-^KB2 3 7i:JiS?MS2 4 2 
*<«|p|Lri^SP»<t±SP«t«2 4 2A<±gP'>-;U KB 
2 3 7 IC& LTI^-&SP#£<l!>IH|-C, ±SPv-;U KB 2 3 

7t±SBa«2 4 2*Nt»jfe«« o^-a-T) ^txjfe 

&2*tfc#»3-OU2 4 3AtiSI+f>;h.-C. IE®ffl(D§S« 

^»tt«a^ ksb 2 4 o £ ur/rr z c r-. ±*v 
-;ukb2 3 7\m±mmfn&tii%imMmmm%^v k 

SP2 3 8<Di/-;u K«f£fcK»JBgSSi>»R«5^? K 

gp 2 4 o o>T&m&®m t zmtoWintzmmtt l-c^ 

So 

[ O 0 0 8 ) 124 lC»R»St^ V K<Dj5±^ ^ KSSI- 
T&is-)V KB 2 3 1 (D±SlC^$ttfcTSP# 



-V7 716*18 2 3 2<D±IC. FeMn^fig. PtM 
n ^^BUlDttfti; fcSSaiBtIS 2 4 4. NiFe 
m&&m. Co. CoFe^if=ft}fii:t41gB 
14B2 4 5. Cul?£*mi:-r£#Ht14£mB2 4 6 > 

ssattB 245i R«a>*m& -r z> y y -stttB 2 4 

7 & T a mZVmh-t 7^B2 4 8 *<ns;*aB 

f»«aA<«^ Lfcffi 3rl#0«fc5 l^ffl y Si t,4xT G M Rm 
?2 3 3B«ti. GMR|f2 3 3 OS^SIfilSsSS 
I^Lt. £*-#©«/WTXB2 3 4*<ft5fi*;k*U 
■€-©±lcS«-*JO*«'J-KB2 3 5A*JKfiE$*iTU 
MIC **.£<D±IC, ±gJ^^^^JiB2 3 6A< 
MI-^©-hlC ±gg->-;UKB2 3 7A<M 

2 4 9A<St/?vh$ < ^coT^Tt^o 
[0 0 0 9] «M^^A>2 4 3f=IBftttaWHItlfc$;ti.« 

c * let y . le^fflSi^Miummsi^f m 2 4 o©± 

g?«fc 2 4 2 t ±®~y—)l> KB 2 3 7 iClBIUEKIIWfEife 
U 1611*^:782 4 1 ^LT»l6j-r^±g8»S2 
4 2 i±SB KB 2 3 7 i:©Hi::S»tt3£A<fSffe 

taSft^S»K»Sl^-V KSP2 3 81?MU GMR|? 
2 3 3l=<fc£>&ta£*tm(5CfcSife*I^£m«'J- KB 

2 3 5©sg^6,«im-r^o 
[0010] 

I*. H*^^ K*-v>v^u>^x^h*<^*j&^fc 
4. K^ v^U>^liTS>->-JUKB<DJi 

ffi*^±SS->— ;u KBfl>Tffi*T?©ffi»H>^TSS^^ 
^Ife^iB. GMR*^&^±g|J*-v y3ftt«B©*>»© 
^i5©Slt?fey. C©S«^<tl>^i:l4GMRi 
^©Sffllc&3££-#<D*/WTXB*<Tg^>-^ K 
B*tMiJi»->— ;u KBlzlKfi-r * c t y . *8/\V 
TXB©«lf A<TSU'>— ;u KB*t»l*-t»*>— Jl» KBI- 

&if ^ < ^ y . gmri? o>7'j— m&miztrtfiijw 

TXttStfptoT. 7 'J -fflHBtD«<b<D^(o|*<^ 

[00 11] *mwii. ±IH©SS£»aL. 8/W7 
XBA^GM R*^<D7 'J — ttttBl:*^*^-' W 7X1 -- 

tf*<D»B#a ^ s c t ^ b w t -r 

[OO 1 2] 
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b, iM8tt3mBatf:?y-«i4B*^ft£«A«tri3& 

y-»ttB<DB-fb0>:5fa;6<. £*i-#0>3SB&IK©HHb 

<»^isj t * * o ummw u t xB*«n«-r 

*£:&-«<0#B1£&a>KS£^£«fc5ft«Ji££^L 

tooi 3] c©iifiEic«fcoT. mmummztiTzfr 
mvmz-ft Lx&m&miz*ii£rt-z> y y -bi*b £ m&. 

-f acfclc^oT. :7y-Bt£BlcEtSfii3£5&14*m£ 
<fty. /<Jl^/\0^w^%<D5E£A<'>ft<. S5&£ 

[001 4] st=. ^nwommmn^v k». sstB 
its. sjebisb, im&mmm&vy y-Btta^e. 

y y-B£B<D.hi::, **tt-*i<DM i ©IttSffig. 
BiOBBttB* B2 0*BttB. fg2©3£Bt£Bi&tf 

ft-5<fc"5i::LfcBiS£*rLTl^., £f=. *£Ba>BB 

0>m 1 <D5i»1iBa>B<b<D*|6l £B*Bi=ft« «fc 5ft* 
«-tt<DBl©#Bt£B(DB;*£:&U tt-KO>mz 
(D&9ffi.m<»mib<Dl3fiiltftt-*i<D& 1 <D^«ttS(0 
ttltAM ki&SftttZ* o ft tt-to<J>m 2 OMtt 
■MmtU 3 &a*£«.L.?it«. 
[oo 1 si cciiic^oT. aaftSffs*-r^2E 

aai=Bft-r 4 ^ >j -«H4»i;t. y y -BtttBicm & s 

S«tt*t»*«B*1*fc«^i:tbKUT. 351 ©SBI* 

iai±igiK*na)-r£SP#0>:7 'j-8tttji©a<b<D*isii*# 

*J|p) LT l««B*NM«=B« 7 U -B14B<DB<bCD:5lp] 

tncanfc&y. ik. BBB/wrxBtL-cgui 

ft§i©WSg 2 OBBttBS* L Tig 1 O&Bfflgl t m 2 
(DS5«1±JSi:«|Sj$-B-^Ci:lcJ:o-C. *BBBlcJ:6 

»*ia**fcSLMciT*5fi l« act i=«e a 

BttBOBffifciS It 6£B#lc «fc *aHb<D^|6jA< Y^(6| 
i=«<©*tt#. »BM4JK©ia<k 5 

fty. nana^izMLTjiisgft. bbl*: 



[oo 1 el *fc. *s6ub©»bba'^ h*eaa#a 

I*. T»i>-iU KB<D±l=BB£4l.feTa4r-* V 
B©±BI^ &aB&B. S^HtttH. #Btt*BB& 

tf^y-aaafcafcaaaaL-e. B»«!ai»am* 

«U *a>J:l::£«-*t<DaBttB£BBBBU »= 
BB. BBttB&tf£BBttBfr&ft*££-*t<Z>aB 
@G)S±gpic»fiE$^it=R^«ttHa)Jilc. £:&-*f<D 

m«y-KB£BB-r4B3©i8i:£*)L-civ& 0 * 

fc, *fgBJ§©»BB&' , v? K«>BB££l±. Iftfi^ 

mm : i-<D&±mztetfLi<titzyj-m&m&7 <)—-> 

?LfeB. 7y-BttBa>±l~&«-tta>BB£B. * 

LT, :£6-a<DBB«/^T;*B£»j£-r£Jfi20>I 

£j£l±. TB*>— .IU KB0±l=JftB$*if=TB4?*7:7 
*6«»a>iSlz. R&BfcfeB. ®3£»1fB. #»14^m 

fSRUyj -»t±s £K*8iB jsis l t . amftetsam 

U Mlc^<DJ:lc. ^B^fiKlg-r *m 

±lcfe^+vry^B<D-SP$8i|KtLT7'J-at«B^ar 
m*it. BtULt=7U— ai4B(D±lc. *>*&^-«a> 
IfBttK, 3Bttn&tf£3B&B£K%BBJifcRL 
T, MtttK. aBttHAC;saBttBAv6ft«£«- 
S40>aB»^'rTXB^^I«-r-Sm2fl)Xgt. %B» 
/■C-frxB<DS±gpic^fiE$*tfcS^ai1±R(D±lc, a 
*-«<D«S 'J - KB* Btt-T«B 3 (Dlgt LT 

[ooi7i cro^jsic^or. yj—m&mizmito 

fc«fietL. £*-ttro#i8ttlg£:rt-LTBi»14IBilc*! 

it&LT. imiz®i*&m\imto)3t&&£m%.tfnt> 

*t. 7'J-«1tB<Da<b<D^|fi|*3c^LT«}#L. 

■e. £a-^©3S«1±Kir«rsiLTi^-5£«o)7y-« 
ttBa>Hiwfe*py-«ttBa)»»*» SSLtS6- 

c^isii-ipj*^ < ft y . /^u^/s^-tf w -ex©* 

±A<'>ft<. BBBft»KL*:ffi±ttB**-r«|f±B 
4. 

[OO 1 81 *fc. ^SEBJoaiMffim'N-V KOSJftftB 
14. TSP->-;U KB<D±irfi£M*tifcTS»^r J P ^ y~Vm 
B(0±iSlc. S^«14B. @S«E14B. |»ttt«*B& 
tf^y-BttBSBJKBBrtBLT. BAaeUABBT- 
ZJ&f8.?Z>miO>JLm£. BSt«ta^BB^F<DB±ffll- 
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m&mjkxfR&m&m*m2immm.mLT. *=&-**© 

[001 9) c©^rc«koT, :?y— «14BI-»«:© 

;*|S|£-5a.-&*/WT*B* LT!8B«/W7^Ii: L 
fc«J*£U £:6-«©2Himit£:frLTBttt£IIStl=** 

isjUfc^y-ffiUBtt, *©*JiaiL-ti>£SP#ici30 
X. 7y-W±B*<ffi»K£iai£j8tc}$LTl>$«£t 
ttfcLT. *©£&*££«#*<*#£ 
*U :7y-«ttB©HMb©:frlSi£££L.T«l$U -5 
T*. £=&-#©3SI8fcMI~**ftL-CU.&£:6©:?y-at 
i4B©IHlcfc*7y-8ittB©«*#4,, ££LT£*5- 

**©st»ffigi~**is] lt us**©:? y —m&mo>&# 

kmCJ5fSl\ziSl2%<ti;i)^ MIC. SB«'WT;*B© 
!^©3itt14IKT-fcSlMctt*,«L^5C*l::fcy, S. 

C i: IC fc y , ?'J -S6ttB©HMb©*ftA< J: V L-fc 

fcofcfcy. «*y-B££Lfcs±ttite£*rr*??ifeffl 
s„ 

[0020] 

m» y - kba» * ftsatajsttaaisBKiaa^ ^ kic 

y-BttBA^fcSBSugSi&sfit^^ Bsusm&ai 
*^^««-r47y-attB0!)±ic. **£:&-*}©# 

-tttoftWmZft LT£*J-a©3£«ai±Bilc*J|pl UT 
Ifil ic ft £ £ 5 WMM/W T x B £ «fiE-T * £<J-*t© 

inm* K©igs£*-r s c t ^tst Lfcttoxfe y-; 

»ttSI©MI?A< 0 . 4 ~ 3 n m©®BIC fc£ C t 

mi*. tt-*to>mmmUT*momizt>y . so. 



A<s 2«B14BM£:frLT#ia)^£2 0©@£8mBlg£ 
«BLfcSB@^atftBX«fiE$*ifcCi:^1#|S2: Lfc 

«B®5£8H*Bica3ivc. 4m&mm*in,x*imLtz 
5ft*«i±BMoig®^*-r-5c tznmt Lfct©r* 

fey. *5£I»©»*JS1 1 lcSE«©fei8tt, 

stasas^^BfiR-r-s^y-iattB**. *©»y£? 
7 y-«&BK©«H£#i«©«»i*w*4-e«aB3iB 
**i/=aB7y-ai4BT-B«$tvfcct^at 

It58BL. R£tttiK£©3c&*S£iait^<fco-C. 

^ l t 3B*ffigiic*tiprr h v y -ants £ Birr -s c t 

l:J:ot. ^y-i814Brcit«SSi«14«»*»B$^- 

fc«^<tib«Lr^y— tt£B©«Hb©;£iaj 

X^|SJ) 6<J:y&< 0^**1. — JTC, £:&-**©&« 
ttMl3«|SjLTt^*^<D^y— ttttB©fB1l-fc-5>GM 
RSt^BfiTfS^y-iSteB©^*. ££LTX?j 

[S)ici^#g<fty. i^ic3fS/«fi<otfty. >m\,>?i\ 

[0021] *feW©l!!*^4|zIBi6<OfEB^tt, 
S^ffittB. S^ffittB, *ffiH3»mB2tl/7y-ffitt 
BA^fc^MSlSStaiSi&dF-^ «*«8lvjai*^£B 
«-r-6^y-«ftB©±lc. */jS*-M©H©IH8 

14^. mi <o!tmt±BL S2(c*im m 2 rotate 

3§B£©i8#Jl5lcffi*<DSII!8tt. 7'J-lftBfflHt© 

^i^a<. s*-w<d^i 0>^m\mamm^t^5 

L. **-«©^2<D^«lttlsa)ja<b<©^^A«s*-« 
(Dig 1 ©^utiiB©Wb*is)tia»*rarc/«cs«fc5ft2Efe 
-^©m 2 (Di^attm©© $ $ *rr 4 c t £&mt Ltz 
toxfcy, *§tm<Dm>mm6[z&m<!>ftmi*. 

tt-%0>% 1 <D^ttEttK(0|gS*<, O. 4-3 nm© 

0. 4-3 nm^ffiBIC&SCiSftSti Lfc4.<DT'fc 
y. m2©^«14Mi:Sai»14lls<!:©PB , l©3c^^ffiSfL 

icfcy, «2©^aitig©«<b©^ip)A<-^©^jpiicji 
*c>*i, no, jgaftK«£*-r-sft*-«©«2©^ 
aii4^^Lrsfe-«©»2©^«tttKiz^(nj-r«.m - 
1 ro^«tttJi©ffi^b©^in]A<m 2 ©^«l4M©«<b©^r 

-nai'm 1 ©^«tt^^^-LTS*-«©m 1 ©^«tt 
mtz*tisr?z>7>)-mi±mtz. mKD&m&mto&Wi 

fsi-r y 'j-mamomitoisfaizm ^ ©^»14 
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y, mic. nm»'U7*mtLTn2<Dim\mz-ft 

[0 0 2 2] *fc. *fHB0)SS*«l 2 |Cgett(DJS«!B 

®<D±mz. sstBteB. ®&mt±m. imn.®m®& 

z&ftt-z&KDxmt. miM&mtomm+o^fflz 
tbZ>7'j-m&mo±iz, tt-nomm&mzfflm 

fi&U *(D±ic£;&-tta>5i8l1&g£ifaBi*lgU 

m<Da±mzteftL2*itz&.&m&mo>±iz, ss-**© 

m«'J - KB^^-r-sm 3 c: t £ ft 

atLfcto-cfcy. ^sswrow^i 3icib« 

»***«>»±*l=»J«*4i.fc7»J-«t!ai*f m-- 

BLt. S^-»©«H«/^T^S^^Blt-r^m2a) 
xs^*-r*zi:^i#fatLfct,<D-c*ifey. 

miM*«ft«ia&**^©*jL&i~j&i££*tfc3» y- 
«tttB©-^A«aaj-r-6c»:dir. '>*?< ttsBAigi;* 

')-vmmo>±iz**tt-ti(D$miim. &vm.m& 

fewi*. bi*«i 2©m2<Dxsici3t>T. tsaisttja 
^^(OSigpic^fiE^+tfc^ y-«i$B©±£3? * 

ri.ct^atLfc'bo-cfey. *sw<Dfli* 



smaroxs^^r^ct^^atLfcttDT'ifey. * 

*« 'J - KBK£jfeB Lfc&. ?M8ttK*lM*ttftttffi 

coxs^*-r*ct$i#f8i < kLfc4,<o-r?fey. st. * 

*M(DsS^2 3l-IB«<OI6BJtt v IfiJfcJSl 2 ©91 3© 
©S±»lcfl^£;h,fc£:&-tt©5&ffi14m;Rl/Bt$US 

ay- KnejMtr *m 3 ©iat«r«u <t 

Lfct(D7?fey. £fc. *f£l«<Dfg;£JS2 4lzSeiS©3£ 
BJlli. UvXh^MLt. ag«/W7Xg<DS±® 

*a y - vmzMtfL-t&Wi 3 ©ig^tts c t 

tLfct(Dffey. *5SB.8<7>!S3}nS2 eicffltt© 

*BBii, 2 ©m 2 <oi8»t/i 3 ©xeiw*jt% 

BW-h^a^J^I-^iattBiS. SifittLBBiStfKSiiitt 
ttB^£lg;*«BJ£lgTr£ig2©X*§£:. MIC *©± 
lcJS^«EltBM^a 5 <fc 5 - KBH^fiE^ Lfc 

^«14Blgro-gPsRLMtiamftla38!l^m^a>«Jig8 
lz^BE$*lfc7y-«ttB©-gPA<S£lit-5ct3lc. <J> 

msy-KBmo-as^BiRSsLr. naie^y-atiiB© 
i/aay-KB^^L. ^>*s*-««)*»ffiK, ^ 

2 8 i=!E«<D3SB.Bii s £^-«<om« y — kb 

\t4m&mm<»ntiiLt-±.mz. mttfi±. ksi±isi± 
<Dfc»©^r-v ymz jsm-t -am 4 ciit*t 5 c t 
Lfctro-efcy. *nwo>m*iX2 9\z 

IB«a>«WI*. TSP->-;p KBro±l-^^*tfcTgP4r 
^•v^Jfe^B^-ttBlr. KSftiBtttB^AKL. sglc^-© 
±ic, % 1 ©@£«teBIBL MHtJIII. m2<D@S« 
14Blg*Nf,fe«)SB®^i614B^fi£ISL. *©±l-. # 
»14»«B»tf7y-atttB^H3c«BfiEMLT. fflESl 

nvm^m^f&^thm 1 tDxg^-r-s z t ^ t#a 

»«». TSP->-;u KB©±l=BER?*tfcT»*^ J/^ 
SgliBcDilc, S3S«14B. B^«MtB»tf*«1±SB 
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m. . mno>y)-m&mm uw^euioje 

(OS») £aBj£llLfcSB7y-Bt1lB£»J*LT, 

•;/:?*6*§Ba>±ilK, K3t«8£B, ®£*ttB, #Btft 
3>^B»Ut7'J-8»±B^)8*«BBWgLT, ttSUgta 

ZmiOI-mt. UvXh£JgjSLT, tt&Sta&SHi 
iP©-tlcfci>** ^ ^fi©-8$SII8!LT7 y— «ttB 
£SSa5£l*\ SmLfc7';-»1tBCD±lc. 
»©#«ttflL £Bttt£l&tf&3lia&f;£II*@Bf$§i 
Lt, *BtttB. 3att£R;RZ/&3Btttl*frc> 
-**0>&B«A-f 7*IB£Mf8.TZ>n2<Di:mk. SB 

3 5l::fB»<DSEI?BI4, tS#JS3 1©m3©XSlCfct^ 
■C. aB«/W7;*B©£±SSKJBJS;*4tfc:££-*J<D 

Ksotisig&t;* * v mucosa LtJiffi$a5 «k 5 »- 
ma y - KBns£j£i§ l, * * ^B©-»A«sm-r * 

tLfctcT*y. £fc, **?8©gi*«3 6irie«© 

* J v y^B<OSmLfcJ:B<D-aj©±l-. Ui?X 
SHUT. S«-«0)ig'J- KB£JBfiS-rsm3©x:g 

LT, a>iilttSii:£3Bmig££«BU R&V&tiMt 

<©7jiSi (ttxtf, — x^risj) fcBx**, fio, 3a§fc 

bus* *-r siM&ttKs ^ LT^»itKic«^-r y 

-«t1iB*«B6-r*Ctl=«fcoT, 7>J-ttttBi::ftI* 
SBBttttfft* «B $ t ttK L T 7 'J -«14B 

(Dfi«ta)55FSi x*isi) *<<fcy3i<@3£;**., 

— ttttnomic fcSGM £ nm-f *7>j -iaitB 

^LTX*lp)|z(oJtg<f«cy. 
[0 0 2 3] titz. *S6BJ3<DfS*lS 1 6l~tS»<DS6B8 

BcOJLSic. K&ffitiB. @£i8t±B, im\tmmm& 

tf?y-iai±B£is*«Bi*£iL-c, ffimsfitsas^^ 



«EttJi»0:S^«ttlg^BI*aBR68iLT, 

y - kb £ »jrr stg 3 ©ig £ £*rr * c t 
£#f&£Lfc*,<£>-c*fcy. Sfc, **wa>a*^ 1 7 ic 

«iii^!i*^o!)S±spic»«?^fc^ 'j-m&mz +> y 

m 1 s i o>®m&m. % 2 <r>mmm. % 

-»<7>«b*s/w txb* mbe-t *m 2 <*>xg£*rr *> 

8 |C|BK<Df|BJtt, fS#E 16©S2 ©XSlCfclvC, 
±£B3«fc5lc. |gia)*attBIS, mi©5iBM*B 

us, mmm&m®. fB2<D&m&mmx.ifBi&ijii& 
BK^«s*«Bj«MLfc«, « i <Dmt&amo>-m& 

B©-gpA<saj-r^«k5ic, ij?js< t*aB«is$^tfc 
*i©ai«ttBBi. n2(nim&mm. 12©smi 

minimum. &2 0>&m&mAVEi&m&m$:m&. 
■r 2 ©i^5*-r-5 c t £ Lfctro-cfc y . 
<r>n2<r>3-m\zni*x, ms&tKmmm+omtmzte 

mZtitzZ> ') -«tttB©± £S 5 «fc 5 icm 1 <D*«ttM 

m, m2(D#Kt±)gi, m2<o^iatt^»i;s^«ttK£ 
icD^iia&m. ^2©*«t±M. m2ro^«ttis*i;3£ 

^-WWS^ffi^MA^tf^^-SttDJS/^TXB^ 

y. *fc, **«<oBi*«2 2 iciBitrofBwi*, mtsm 

>U TXBOB±SPIc»^$*ifcS^-«(DJS3*tt1tM 

^ a 5 «»: 5 i-ma y - kbk^ ah ufcsu n cd#m 
nigat^i*isa«ia5as^ i j i <D-«PA<stu-r ?> * ^ ic, 
BaiBmay-KBH©-sp£»jf8tLr. **-»©ma 
y - kb^ *m 3 ©isj*ti> c t l 
fctror-fcy, *fc. *fEBjrois^2 5icie«ro*B^ 

14, Ui;* h£«£j£LT, aB*S/WT^.B<DS±SPIc 

»©ma y — tm&mrfL-tzm 3 ©ig$tt s cts 
nmtLtztovfov. *f=, **iB<Di«^2 7icfe 

IS^1 6«>m2(DXfi»t/^3<DX8IZ 
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&&f§m£m2immf&m-j-zm2<Dxmt. miz. *© 
±\~B3m®mm*: a 5 o tzmm >) - tmrnzmm l 

?lc. iKU£taBJ*ffi£;h.fcSfn©Sffi1£BIIIL $ 

z<D$mitmm. mzo&mvtmm. EL&m&mms.v 

*«y-KBBI©-8&£81RftLT. 7'J-«t14S(D±l- 

**£t;-*t©m 1 a>*»i±ig. m i ©sa&ttiyL % 2 
m 2 ©sans, s.&m&m&.vmm')- 

KBCMftU **£:&-*J©f&1©#«ttlK. SH© 
3B1£B« !g2©3IM»t££L Sg 2 ©3B1£R&tfJE3B 

©may - vm£j&&t s>m 3 ©1st £ =&-r * c t £ 

K©*^tt> f**)«3 1©m2©XglCfcl*-C, UvX 

Lfc7UHWM©±C, l©*«tt 
1. SSl©5t«ttR. *2©*BlttJS. Ig2©®$affigi 

xt/Ea«fca£iB;*«BjsaL-c. £=&-**©aB« 
/ w T7jm&ft.~?i>% 3 <dx&£*-*-« = 1 ^ «at 
t,fc*»©-c*y» £2©3i«l4R££ai«ttiM£©fa© 

SE1MHW»ICJ:V. Sg2©&»t£gi©HHb©:*I»lA<- 

**©£ 2 OMNUMr* LTSe-»©m 2 ©SBtttBI 
icMA-r«« 1 ©S«fflBi©«<b©;*l3|A<!f; 2©Si«t± 

* *-*-«£«-*»©« 1 OMNUtt* LT£*i-*t<D 

$ 1 <o^«ttKic«isi-r * -? »j -atitstt. a 1 ©aa 

Mii:©£»IS£a#W<#«l-SiS < „ *<?-**©« l © 
9fttt1£HI=#ft-r S»#© 7 "J -tt14B©«tf: ©5 Af£ 
Sgl©Bai*a©a<b©:*ra£K**:fc|6|K|«i^ **|= 
3?£Lfc*,©fcfcy. £<i-*t©!g 1 OttttttKI^A 

LT^&ai#©raic&£:7U-mi£S©a<b©:£iR) : fcPi 

CttbUV. Ml-. «I*/W7XitLT«2©^ 
It 4 Sffi^lc <fc £ a<b©;*l6) A< Y #(3 lc<8 < © £ ffi ^. 

^aitp<owb4.4aai*-efii5cti-^y. **a»ic 

©IISi£@ofc-»aam^-;> K£ttS8-tSCh*<T-#6 
[0 0 2 4] #fBSH©li3fc]K3 7 KfB®©3§BJi 

1*. Bft«aa*x?-©*±ai::fc£7'j-BttB©± 

BSB?*?!::, *BttBK, 3S«£ff IBI&tfKStatt 
BaA<a*«BJSK£:Hf=a. mo. #attBa©-ffl 
*lM*7V--attBa>-*4<Stt-r&J:?lc, '>&<£ 



*«B**ifcBl«ttBiiatfRa«tlBil<D-»SI|«» 
LT. a«-tt«>MMI/W7XBttMt-rftttl::. » 

BjM»*feB«ttM»iAftXttB**?£«jftr 

4BS«tSfeBa>*-«tfl!>B«b©*lPlA«. **©f??5£©;5|6) 
fcfc** 5l-»B*«**tfcSBBttB«aifl»ft«tt 

fct©-efcy. *#£iyj©iS#jg3 8i-Bee©f&B.B 

I*. ttftlSftMBB?<OB±flSlc A« 7 'J -attB©± 
Sfi£a5<fc5lc. ai©#B1£BK. H©»ffittlB 

a. i20*wtiM. mz(D&m&mmz.VEi&m& 

BKA<M^»B*»$4ifc«, mo. £i©#a£BK 
©-gfs6LM*7U-»ttB©-SPA<3m-ri)«fc5l~. 'J> 
* < £ *BBS*ifcB 1 ©SSBH±gBS, a 2 ©£BttB 
B. m2©8«14Ba&im&iBttBlgi©-Sll£8>JR*L- 
X, ft*-»©»BJ8/W7xB*^)SE-r4fIlc. «B 

i«H**tfc-*i©3HBi4Bii. %2©statttBn&i;«t 
s ssatts©*^ ©»<b©^ 

5*QX?>Cli:^RafcLt=t©T-&y, *£BJ}© 

is^^3 9icfBK©^^ii, «m«Bia*^^©g±e(i 
ic^^^y-iattB©±®^a^j:aic, ^»ttBK, 

f8f£m$tit=1k. Mo. #^ttBR©-S8^t^tt7'J- 
ai4B©-S»^»tU-r«)«i;dlc. t=fcl8B$*it= 
StffillBS, S^«ttBK»tf««y-KBK©-a* 

*/?s«-^©fflBi«/<-fTXBau:say 

- KB«BJK-r«MI=. «BBEK**ifc»«ttBKatf 

m%ntfi^m^ matt * @sisi±b©^ ©a<b© 

75I»1A<. *>*©Bi^©^l-*«>*5^SBfi£R**i.fc 

3Sft«iS^*J^-&ci:^!t$IS<tLfct,©T'fcy. * 
*BJ©SI^4 0lc|5«t©fgBJtt % «Sl*la3a^*^© 

s±anzfe*7y-aEttB©±ffi$a5«fc5ic. mi© 
*«iti«, *i©Baai*BK. «2ommuib]. m 
2©iffltt)ii. s9iattBR&t;«ay-KBn^M 

*»BfiEI!S**tfc». flo. m 1 ©#«14BI«©-aJs£ 
y-ffltliBro-SP^Sajr^J: => l=, 'J><f < i: t 
SB?tifcmi©^»ttBIS. Sir2©!M8ttBIBL S2 
©5ti»1lBK. R^«ttBR2ttf«a'J-FBIIi©-» 
^©JKtLT. *^&^-^©«B«/'vVT^B&^m^ 
'J - KB*»JjE-r*ttl=. SBfiRIS^^fc* 1 ©^«S14 

Big. m 2 ©^»ttBm» xmw&wMkm* z mutt 

^@S«ttB©*^©Wb©^lp)^ *^©R»rS©^l»l 
fctt* * a icSBfifclg 5 tifeK&ttttBK&tARAtt&v 
S»aa?-a>fidBtttBlc»A9« ttlK.^ C i: ^ RIS t L 

fct©r-fey. *s§i8©a*fli4 1 i-!BiE©£Bj 
1*. £«-M©say-KB&t;aft«tiuaaa?dMR 

±SWcfcS7 y-«teS3UM*IM»14Blg©RaJ Lfc± 
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?*isji»fic, mm*BL>UTxm$mmrz>&mtimx.v 
m&&mmmm : ?-£mm+z>®&m&m<D** o>mito> 

«fc 5 13i8£^sfca0©**©»*g;f><3!i35a OSLT 
> 9 m Olsmz «fc o TiJrSflWBttlcJBjS $ ftfcSBIR/ * 
*J L Tfi» -5 C 1 1= y , L T &6 L fc 7 U 

[0 0 2 5] JUT, **Bi0>ltiS0!>«JSlCOtvC, Sffi 

t o o 2 6 1 (iije<d^s 1 ) x&mmnmo 
mm 1 £^-ri»i»«^@-<?fcy . m*&m&*iz*tnrt- 

[0027] @1 (a) IZjSlvC, /<-7D^, Col 

14»»«fH«fr*Tgp->-^KB (H^-feMT) ©±1= 
^fi£^*lfcA 12(53, A I Nj£lM*S i 02H©#E»1t 
««ttfl^fflUfeT9^y-/^B (@*^) ©± 

I rMn, 0Fe203, FeMn$^l> PtM 

liE*+t/c«t§l»taaSill^-5 (MRHmSLMiGMRiH 

BIT, GMRl?tf 5) AHJWtSJlTl^. M 
IZ, GMR3^f-5£«(rr&37M— «t£B4©_tiSi::, 

**£<i-*r©R u *0*w£tta« flH>fc#atii§r 

6, *©ilcGMRf»§^5£«fitr.5:?y-«teB4£: 
|sl C <fc 5 IRl*fe!MtttR7 RUG M RI^ 5 £ 

«j£-r-&£S£»itB i tmcxotatmzmi^tzfr&m 

I*) £ffl^fc££BM4M8£frWa£:6-*t©«B« 
/<'TrxB9fitmjft$4lTl*&. ^»tt)H7<D^tfl)^ 

6 L TSttM* 7 lc*Jl»rr <& 7 'J -IttttB 4 © 



ic/«cs« mic, **tt>©±ic, ®i&M£mmz, cu, 

C r^tlMiT a^©^a£ffll^fc2t£— 3J©lt$f y— K 

§1 0*<fey, *©±lc, B^LTl^tEl^. ±<*£3 

±n**v7vm.mtmtfLZix. mi-, *o>±iz. tsp 

v-ju KB£l^«©#ffi£#*4£fBl>T±g?i>-;u KB 

[0 0 2 8J ft, S6-*t©«g';- KB1 OXU^'J 
B 4 ©Sffi L fcgp#©-t S £B 5J:dl3Ta^£ 
»»t LT+w^B^^JSLTKfc^lKC«fcatLr 

[0O291 GMRIfHF-5£«j£-r£@S»itB2(Dtt[ 

^••s^rtiY (s i (ommizmmtzisfay ic«**5ic, 

S (7--n-) SSttltBl £:©$&*S^tt5Mr 

*y, @^«i±S2<o»<b<D^RttY^rsjicss$*i 
4. »s«/wrxB9^«Be-r«,^-*KD^ 
7 <om<to)j5jsi$: m^m^tm z o>m\i<r>-Hfa\zi& 

BftLfc^lS) (01lcfcivc, X=E^li-X^l£)) I-/* 
*J:5l--T-So a«ffig7<DWb<0^ifS^-r-6fc*) 

*4<tti o©3fefrA<. @^»1tB 2 ©KfbO^ra© 
ISS^fr t *^#1?»<b<©^|S|A<|ft^1? # * «»: 5 <E 
SKttttM 8 LTfflt^ C<tA^^-Cfe 

a. 

[O O 3 O) Mlz, SHtffl!S7 i:^l>3t««S^»l^^fl 
±LT. ^«14M7©«<b©*fpJi:ttj3&^lS)©WbtD75 

i?fi*<7y-attB4ir#^ib*t^«i:5ic, 

Bi«/<-< txb 9 ^ -SS^-^W^attE 6 ©I 

B<DB;*£^£LT, 7'J-0t1tB4OWb©*|S| (« 

x^^©«^) ^^atttM7<Danb©^U9ta5^ 

A«'h * , zr y — ffittB 4 © Wbco^lp) liSSffittg 

7©ttfb©^ipjt^i:^©**i?fey, te^, 

m 6 ©EBA^^r t7'J -filltB 4 ©«8<b©SlS| 

lis^Tcro^iRifiP*. ^«tt^ 7 ©ot^b©*ra t m c*isj 

Jo)sEtM*^©^I»Ii:SMWIc^bL, «*©5a*t»>!7 

wiz&&?z>&mt><foz>. mpi&mz&iMi. #m\tm 
eommt* mi**mm&miz*vm&y % *i©*o 

[003 11 
[*1] 
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Ru 


0. 4~0. 8 n m 


Cu 




Ag, Au 


2^3 nm 


I r 


1 . 3 n mj&f& 



[003 2] £fc. @1 (b) |c^-TJ:5l-. Bilj£»H 

[oo3 3] ia±©«fc5i-*sijfia)^si icfctiis. ^ 
ja&mimtzf*mLs s.am^mt<o^»^mmz 

lcfci>GMRi*^£«j£^&:7y-»14Ba>a&*>4,. 
[0 0 3 4] (HJ£0>^S2) 12 21*, *36SB<D|tifcfl> 
[0 0 3 5] 12 (a) ICfclvC. «9^ro*J6©»® 1 

u ®s«tt»S2. *ai4««S33ti;7y-«ttS4 

A<W*«B«K ;* *X G M R i^f 5 fi£ £ ftT I* -5 . 

L>T. 1 a>#81£&2 0O1, $ 1 © 

®«&ttl82002. m2<D3M8ttlg2 0 0 3. S52CD& 
B\m 2 0 0 4 A RaHM4M 2 0 0 5 fi<ja%W H j£IK 

s. ft* &i<Dfrm\m2ooi».ifm20>$m&m2 
oo3(DBJ5icj;or. **i&ifM*-rs«-i ©5£«tt£ 

I2002t7'i-Ittl4 > !g1<DSiH814e2 002 

<t m 2 ©Sffifflil 2 o o 4 £ro«<btf»:5ia)ttnu CUfoiz 
WBH/Wrxjf 2 i o>±.\ztett-ft<on.W)- KB 

2 2*<«5Ji££*U mS'J— KB 2 2&tfKaiLfcGMR 



J*S*U Kffl»S»ta^^»H»a^^ KA< 

[0 0 3 6] @2 (b) IC^-r«fc5lc. fiJ&OTH 

J6©i^«2lCfclt-5*>!7*^-«a)m 1 0>#ffit4l§2 0 

on gna>3nafflS2oo2. m2<z>#i»ttjii2 oo 

3. fB2©^ffltttffi2 0 0 4&lXR^«11K2 0 0 5A> 

^fc-s^-tt^SBis^'f TXB2 KDfigicfcy. a 
«si««t^*^5$«j«-rs7y-»ttS4o± 

[0037] &L±o> &oiz*nm<Dmm 2 m 

&m<D±izix&&im£mmMf&-?z>ztiz&vx. m 
2 o>&mtm 1 5.&ma.m t a>ffi<D&&&&mmz £ 
y. &2(D&mm£<»mib<»y5mi><-&(oijfoizmz.ii> 
*u so. &mttm&£m-t&tt-*i<DM2o>fim& 
mz-ft- lts6-m©s 2 ©^tttt^ic^i^r am i © 

(Oimtem* it L Tig 1 <D^«14]glc«|6j £ -H-C ^ >) - 

m&m$mrfL?&^£izj:ix. 7>)—m&m\zmms. 
&m&tmzmm £ -&t=m^ t itwt l r ? >) -m®.mo> 

ttea)«fbro^iS)i**^icsSLfc*©t'Sy. 

<j>fflz$>z>7 >)-qm.m<o&#<Dmito>i5ft*,&mLx 
Pi:^(SiicfSi^^<^y. sic. aBja/WrxgtL 
2 o#tt&K£* lt m 1 o&mwmt % 2 

ttKt^lSl^-fr. te5^<DWb<D^|S)A<a*<D^|Sllc/d:^ 

«feaic^2<D*aitt)»a)isjfic-rscticj:oT. n 

^fcSlMcJT*.>SL^ 5 Cilery. I-D, ^ffitt^W 
lc fc l+ 6 Sffi^lc * ^ »<b(D^|ol AVY ^|S| lz« < (D 

£R&^ SiJSffiScoiBUbt^Sii^-ejadctiz^y. ^ 
H»JH=JtLT*«l<i:. SSUfctOt^y, S^tt 

[OO 3 8] ft. 6t|i£0>*S£(Dfl2B 1 »lX2lzfc^T. 

S4xTt^£5l::sg&;*;h.Tl*-S>!>^ 02 (c) ic^-T 

, .fc^ic. @g«i4©^miro@s«i±B^2oo6. m 

1W^«tlSM2 0 0 7, ^20@S»1±Blfi2 008 
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m&m&mmofflzftiti- znm&mmom® \z o 
itnijfa m c £isi ic * c t y . awsisi t <e o fc y 

-rSA<, £©;*filcfc*J:5lc2Haf£B§i©^£Si£ 
LUHtl\£tS:t>Ul\ 02 (d) l=^-TJ:5l-. 

7U-B&BK2 0 1 2 |gn©7y-«£BJg2 

[0039] (SU6<0^S3) B3-01 Itt. 
OJtlKOBB 3 $*-raUMM)B-Cfc M > 
SMSBMBS^v K©3«gXg£§il»-f £fc»©I 

BIT. Hffi*ffll>TS*ffl«9l«iaS!i*S» 

[004 0] 03icj*-f.*5lc % A I T i CS?£*mt 
Lfc£«3 O0>±lcjftjffi$;h % ;1-7D^. CoS7? 

*4£3§**£-rSTSfl-; — SU KB 3 i©±I:a I2O3. A 
i n*im*s i 02§?©#Maii*fe*t##£ffit>-cT9i* 
* -Jwrnm 3 2 

[0041] IlffllgtLt, 04 (a) |Z*-TJ:5 
l-s TMt»^«8B3 2<DJllr, I rMni. «F 
6 2 03. NiO, FeMnl^S. N IMnl^l 

1£|«RU ^ir. @4 (b) l=3rr«fc-5l=, *©_t 
I::. Ni FeiSM. Co4lM*CoFet4i*J 
W»i:UT®Stt1iB4 2j*gt4„ @4 

(c) 3 1=. 0£tt14B4 2©±lr. Cu3?£ 

#»*-r*i«Hiara»4 3£jsi8rf.&. »= % 04 

(d) |c^-T<l:5l=. #ttttB«B4 30±|=. @SHt 

ttB 4 2 1 naotm* but y y -«»b a a z&m 

U K3MKttB4 1. @^ffiHJ§4 2. *BttB*B4 
3 fttf? ij-ttl 4 4 A<»^T«l?)?aSBlK?*ifcG 
MR1?4 5if»*t4„ 

[0042] mZ0>JLmtLX. 05 (a) l-jF-f<*:3 
IZ. GMRI?4 5©±|C. SS©Ui?^.h5 1 
LT. GMRff4 5£mfrt$>7')-W.&mAA0>±. 

2$BE)g-r-5. H. C0*O#ttttM5 2a>MBI*, tfc 

y -i&14B 4 4 ©«*b©:SipiA<36«11M©ttHb 
©:5ft t £«a i: ft * * 5 ftSS-JtflMWHHI 5 2 © 
»=, *©±lc. GMR«?4 5««t 
A-T«7 y-Bttll 44t n*0)tt*€ JHt^T**!-** 

©^«1ilS5 3$J*Ji-rS„ MIC. *©±|C, GMRl 

T4 5©R^i»i4ii4i trnmotm (it. 



«©HaBtffiS5 4*BlK»BKL. 

©B*. fflt^tl*S^«ttR5 4©«»|*. GMRIT 

4 5 £ *j3tf *@^ffi^B 4 2 ic«<b©^i»i^i+$-r -s 

£&BttB4 ia>tt«Sft* (B«a>a$£.lM*B«B 
B&£lM*tt«SBfM) ©3*.©'>fc< t*l»f*i4»i 
0©£#*>t#tk3#fc[ri5£-f£j&^j&t 
[0043] l3©IgtLT. 05 (b) IZ^-T^5 
IC. £:&-#©R&«1*|g 5 4 ©_tl=. Cu, CrSH 
l*T af©#IM8^1l>T46-S©iS'J- KB 

5 6^M-T-So 

[0044] |&4©lfIiL.-C. 06 (a) KrB*-J:3 
IC, S*-*t©m«y— KB 5 6ftt)!GMR«?4 5© 

saiLfcs»»©±ic. GMRt?-4 5©smLfcas»ic 

ifcfc&:7y-Ht14B4 4©Bfl;£lfcitU W£tt£ftJ: 
[0 0 4 5] 3*1=. @6 (b) (c^-r«fe5lc. *1xt,0> 

T±®**vy*mme 2^ru 06 u) 

Ic^f «fc 51=. -tS&^-v v ?lfc»B 6 2 ©_tlz. T9J>> 
-^KB3 1 £HCJ:3&IkBtttttt€Blvc.l:B$'— 

>u kb e 3 lt, n±mm96ttiia»msmm 

[0046] H, GMRiR^«BE-r*@^«14Bgfct> 

l*SB«^Vr^B£»^*^«ttS©*>er©aft© 

^isi£K^-r*i»«i3S (r-->u«ia) ». £;&-#© 

ta«J-Kl5 64<MSii, *©Jb£a5J:3lr** 
•?:?B6 1 £jfflgLfc». GMRB7-4 5. £:&-*}© 
ag«/W7XB5 5. &6-M0IIV- KB5 6A 
tf+-vv^®6 1 ^(S2fflMD^-->yLTffly 

j» «E,ti«.fr©se-citj6-r -&©*<#* li>„ m*.. m4 
©i8»7a. ms.a&&tMmz*tfi-r$ > ^v tfwmmt 
afi^-*Y^i»i (@6 (a) nrntttzmmMsfto i=» 

a) l-c. @sattB4 2©a<b©*ioi$ 1 R^aEttB4 
1 t©xgs«^a#ic«j:y y#ai=bc-t«. a 

5?tt14B4 2©HHb©:5l£] (Y^rSj) lcS3t-T**lRl 
-X^lSj) IZ«*i£!)D7U 0^«k14B4 2© 

«<b©*isi &wtttz,m&m$kK tmtn z&ft-eimm 

(T--;u) %m\ @S«14B4 2©Wb©*raic^ 
f^ilict/^, 3ittttl85 3©Wb©^|fi|£@^ 
fflH4B4 2©«^b©*(S)lciS5E5l±. 3i»14M5 3i:© 
J: y 7 »J -ffltttB 4 4 ©8*b©:fcft£3£ 
i»ttlg5 3©tt<b©^(p|i:as^(Pl (X^IrI) £fc4«fc5 

ic-r*. *fc. 0^aittBsJt''iiSB«/WTXB©5a 

«ttK©*>*©»<b©^^£^f -SlftffiS (T--;i. 
*S) ©B^li. S^«ttB^l>l*^»tt^©t^-r*i© 
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[0O47] ft. M<0$1 (DXMlCfcfT. 02 

(c) ic^-Tcfcoic, m&mtemimiomnm&mm 
2006. as 1 ©# m&mm z o o 7 . £2©@5g«tt 
^2oo8^m?)?«SfiSigur. *«ttJBH*^UT 

Jgl*L-C*fil\, 02 (d) lc*-TJ:5lw, :?y 

-«ttSt,mi(D7U-«14Slg2 0 1 K $2©7'J 

-«MtBK20 1 2. IBn<D^'J-«ttSIS2 

0 1 a£l«?J:5l=. SlM=Riyft?7>J-HmWttll 
«©tt*4£ffllvc«l»i£|gU »l7y-1»1±l2 5£ 

[0 0 4 8] £fc. ttlftom 2 0> Jim tLT. 
S?Xh5 1 *»«Lfctt, GMRSSt^-4 5 0&±U\zm 
IS$ttfc7'J-«tttS4 4©±BJA r^lCfc&^yX 

<v * *t>i4 e c r m&Jsmz <fc o x *> y — - l . 

:7y-»ttl4 4©«iB©iHfclBI. Uv^KOSS. n 

-ttHtl 4 4 a>±l=£«-MO>IMSttM 5 2 $ j&g-f 
*«>±|=. S*i-*t©®«ffiBi5 3£jS|ji 
U S6-»©a»fflg5 3©±l::£:6-*»©& 

SffiteH5 4£j£K«£j£U **tt-n<JiWU&m5 
2. as«6ttjS5 3&lXSSi«tt)S5 4T-«fl£$4x*S* 
-**©«!*/ W 7X1 5 5 C £ \Z £ oT. 

si«/ w 7xi £ 7 y — HtttJB t <mizmto*& < 
ss^ffiip* am-t * c t an? -s. 

[00 4 9] *fc. $2fflIgtU. 07 (a) Id;}* 
-f&OlZ. GMR* ; F4 5 5i«t^7 l J-»tt@4 4 
<D±iS^a5<»:-5l-. Ru^©#K814»#£ffl^-C3M8 

14SK7 o 1 £ii9&©lMai*i!^^J5©£tt£»fcLfc 

KJTejSKU *|C. ^»14g|g7 0 1<D±iSIZGMR 

4 5 ^ «fi£-T 4 7 'J JS 44t HiUfi©**** 
l*T3ii&ttlBt7 0 2£fi£K-r*. Mic. 5iBittSK7 

0 2©±ffilC. GMR*?-4 5©R3£Ht1£l4 1 tm¥k 
©#« (ffiU *-&lc<fcoTI*BHb*S^I4mt^d:U73 

*fflt^TS^«1±SK7 0 3^ffi®BEM-r*. 
7* hUvX h£^ajLTK : 5'fx ^>?3?© 

V. 07 (b) Iz^-Tckdlc. andfrfelMB 
141817 o i . Sitt1til7 o 2&u:R^att®|g7 O 

3i6«GMRf?4 5^«BE^-^7U-»1±)i4 4<D±ffi 
*<Sdi-r*«fc5lcfiiJK{^*t. **£:&-*1©#M&14ll7 
1, ^«8ttK7 2»i;jE^iS14)S7 3^flEL. 
*J-*t©#«telg|7 1 v &8H48S7 2XtfK5iattKT-' 
3 t««^ti2.S€-^©Sl*/^ 7X1 7 4 
"t*. ft. K ^ -< X ^ > -7*sf (D7JS <fe y . <>fc<£ 

t^aitsP7 o 2»i;ss»«i4Big7 o 3*<9jKt^ 

tt. 3M8t±ll!g7 0 1*<8arf £<fc?K£;h.Tt,m\, 

c ©i§£©@5giai4i&tf«iai/ 7xi £ mm* -s 
^aitsii: ©£&«£»#!:: «fc a? y -«i£iiz«ib© 

:Sft£i85rr-S>fctf>©8ft«JJIIi. ^»ttl)g7 0 1 . $£ 



«itisi7 o z8.VBL&mn.mm 703 sm^iaijfcigt 
ttisi7o 1 ^147 y— ffitti4 4(o±ffi*<sai-r^ 

«fc5lC(m£*.6Mlcft5©A<Si£L.l*,, 113© 
IgtU. 07 (c) IcijVf J:-5lc. £:&-#©J53£ 
»ttS7 3&tfGMR3§^4 5©gtiiL.fcg&#©±lC± 
<*^S5J:dlC*«y-KlSi7 0 5?«|U *© 

5£ic t fcym«y-Kfss7 0 5^»iiistLT. *au-K 

S7 5»fiELTtfiLV £fc. 07 (d) l-*-r<fc5 

ic. »Muv?xh (0^#-r) ^fLT. m»y-K 
17 6jtiMLTts^. *©lfc©xiii4. Biri£© 
is t m cxg£ mi^xn&mm&t&mtommmmmzi 

^ y K ^S-T 3 c 1 1 "C £ h . 
[0050] *fc, Sf2(DIgtLT. 08JC^-r«fc5 
GMR^4 55«BE-r*Py-«ttl4 4«DJiffi 
^B5«fc5l=. Rul?(D*att»»^ffl^T^aH4K8 

Lfc^. IIUi?Xh8 2^UT, *^2E*-»© 

gffiffigs 3&i;sBiaitK8 4 ^im^EeK^EELr. 

^«1±K8 1 . £«-»tOMKla 3»i;5£e-»(D 
S^fi814M8 4fr t,fc&£*-**fl>»!«A-<7X!8 

[00 5 1] *fc. 85ra©IK2©Xgl:*j^-cSSUi? 
X h£ffitvc£:fe-**a>RSttttM5 4A<^ja^*vfc 

§l3<»Xg<!: LT, 09 (a) iZ^-t^olZ. *0> 
SSbi?X K^fflS^LT. **-»0)S^«t1±Jg54X 
^ G M Rf^- 4 5 CDSffi LfcB&#<7> Jilc±«:$a 5 <fc 5 

r=*ay— KMR9 1 ^bekl. ^-o^ 09 (b) 1= 

*-TJ:5lc. GMR|f4 5©— SM><StB-f -S«k die. 

h Ut?x h^^Lr K^-<x y^>-7*^©73i*lc 
cfc y««U- K1S9 1 <D-g|l£8iJI»LT. 2E«-»© 
tfi l J-K192^MUTtfiU. *fc. 0? (c) 
lZ7ii-?£5\Z. ±a©^2©X8©<6©«T?GMR^f ; ?- 

4 5 &m&.-* -aiti 4 4 o>±m &m 5 * 5 \zwl 
mztitztrntms 3<D±mizmmzixtz2:*tt-*i 

5<fc5lcSSy-Kl)H9 5^ML. -E-©ffc. 7* h 
UvX h^^fliLT K7Wx v^>yif©73iilc«»: 
^8^19 3^ct^l4GMR^^-4 5 ©-SPA^UJ-T 

5«cSay-KlJS9 5©-SP^BiJ^LT. ^-^© 
S«y — Kl 9 6 ZtetfL LT 

[0052] 01 O (a) IC^-TJ:5IC. S3© 

iStLT. 3!2©XST-^Lf=«MUi?Xh^l»y 
NEl^ctt. »](OlSl/vXh^MU. **->rt©R 
?iffi14^5 4 2fci;GMR^4 5©SaSLf=SP»©-SP 

^a5«fe5icur2E*-w©say— kh o 1 

L-Ctfifo 01 O (b) lc^,fc5lc. ^2© 

igT-MLfctiuvx h^yfgtt^fc^. »j©sh 

1/yXHJMLt. S*-«©J5^ffiltt)g 1 0 3M 
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GMRf^4 5(D±ICj£R£*ifc#ffi14Ml O 2 ©gffi 
LfcSP#<D-S?£S5«*:5CLT£:f>-*t©«iy-K 
§104jMLTt.Sl\ fSL 01 o (c) lz^-r«k 
dl^ m 3 (Dig tUT. !2<l)IgtiSLfcI£U 

MRm ; ?-4 5(D±$a5c»:5IC. Ta^5««tm 
t'V?S10 55MU GMRf f 4 5®±l:feS+ 

£HSj£LT£:fc-*t<Dm«y-KBl 0 6£«*f£LT4, 
*fc. 08lcfclf &«fcdl::. GMR^4 5<0_h 

BELT. **£:&-»©Bttttlg8 3&im3ii&ttiBt8 
4A<«m£*ifc«£l= ; b. 0iiiLfclvb<. Miit^tt 
lc. RSffii4lg»i;*ai4Kro3tBLfcS?»^a5J:5 
|c**-*:7B£fi&®LT. *0>±lzSJ<DRl!UvX h£ 
ft* J* L T **-»©ma 'J - KB £ ft5l£ L T *, 6 IV 

[0 0 5 3J «fra<Dm2<0XS»lXm3OX8lC 
*>l*T. !&2<DIgiLT. 17 (a) iZ^a? £ ? iZ, 
G M R IR^- 4 5 £ ftlS-f 4 y 'J -ttttJS 4 4 ©Xffl £B 
5<fc5lC MHUM7 0 1. a!«ttBIS7 0 2»l/J5 

h'mmi ioi^«SLfc«. m i (b> ir*-r«fc5 

ic. *«t4J5IS7 O 1 ISIM*:? 'J-BttB4 4 

sarr&.fcdK. ^thu-^hfifliLTK^i-y 

^>ytf<D7iaic«l:y. *<C 'J— KBttl 1 

o 1 . K&m&mm 703 &u&m&mm 7 o 2 sew y 

JRoT. 7'J-ittB4 4©±l; > **£:&-*4<D#«l 
ttgtl K SItH 1 2*tfRSfc«ttBI1 13A>f> 
fc££:fc-*t©i?!B8/W7XB1 1 4JIUCS«-J*0) 

may— k« 1 1 5£»j£lt4,&i>. c©«^i-t. 

G M R3i^-a>®£HH£BRUt:? y — »&B©** KBrS 
©ttfb©7J|Sj£ttiB^-.&»*yi (T-— JHBS) tt. # 
SftBR. SffittBM. R^»ttB^fc^Ut*»y-K 
B8IA<fSBj£BI;**lfctfc. B.O. K=7-fx»/^>>^lc 

[00 5 4J «±©cfc?lc*^l6©ft*ffil::<fc*ltf. ^y 
-»ttBlc»<b<D^|£}^x*«/UrxBtLT. * 
*£*r-*t©2Kai3$t. SKimfttfSSfflt&IBiSSIB 

BM4M©±KR5iat£IBi£SBL. a8»ttKi:Sanai4 
P£<DfBHD£&*S£«#lcJ:y. B*14M©itHb©7J|2J 

*<-£©7jiai («*.!;£. -X7?]pi) "i-«t*.t.*i. 

- X75JSjlcfflHb*ti.t=**-«©^«[ttBIIC^Ipl LTl> 

t itmm l t ^ »j -ffiii b©«# «fc y 1 . «* y 
-B8^a»i±ii£a>£&iS£8t#f-«fc y ^ y-ttUB 
i*Wb©7i(S» (x^rsi) £5i<«#L. -75T% 



ifc&GMRS^£«»dhra?y-«M4B©6ltfM,. «5g 
[OO 5 5) (HJ6©ftm4) 01 2-01 9li. 

w©*j6©^4£^-r«^iK^ST-fcy. B5^©3itg 
[00 5 e] m^<j>mmo> f&m 3 tmm\z^ ^kdis 

t LT, 04 (a) ic^f <fc5lc. TSP^y^tftJtB 

3 2©±IC. E&8H1B4 IJffigU Ml". 04 

(b) \zwt**\~* *©-tl-. iSMS4 2$il 

-T*. JfclC. 04 (c) @£HH£B4 2 

0)±\Z > #»14#mB4 3£j£§|L. Ml-. 04 (d) 
l^-TJ:5lc, $S^fl4 3©J:lc. ^y-«14B 

4 4£j£IBILT. 5t&tt1±B4 1. ®5£»1±B4 2. # 
«tt#mB4 3»Ut 7 U-«1±B4 4A<^T?IB*«B 

[0057] *IC. tg2©I«<b:LT. 01 2 (a) IC 
*-r«k5l~. KSUi?X hi 2 1 $MLT, GMRf 
; f4 5^I««7U- «14B4 4©_tlC. £*f-*4© 
11D)$BM1 2 2£«IS-ri,„ (Si. Z©»ttBl 

iai 2 (b> ksz+xsiz. *©±ic £:&-**© 

mi©Si8tt^1 2 3£fi£Bhr£., Ml-. 01 3 (a) 
l^-TJ:5lw. tt-ttO>% 1 ©jiattM 1 2 3©_t 
I-. $>(D#Itg1 2 2tB«ro«^tS2©*lfi 

H31 £j£Brr&. mi-. ^©±ic. m 1 omtim 

^23k 3«©«fiJffll^Tlg 2 <D?4iai4E 1 3 2 

*IC. 013 (b) l-^«):5l=. 12(DSI 
i@1 3 2©±IC. S^ttHtJSl 3 3£«E»BEL. * 

^it-a©si«)*ifiBi 22. ii ©Visits 1 

2 3. «20!>*aKUHl 3 1. m2©^i»14igl 32S 
t/Sa»ffiSl 3 3T-««**i*S«-W©SBIS/W 
3 4^MtS. 

[0 0 5 8) I3©lgt LT. 014 (a) l-jp-f «fc 
5IC HJg©^ffi3i:l^l*lcLT. **-^©R5a«ttt 
I13 3©1I:, Cu. C rsHMST a^©*«E14W*4 
$ffll'ti«-*tfflift';- KB 1 4 1 £fiSI8I-r&. 

[00 5 9] mA<DX.mt LT. 014 (b) IC^-f £ 
5I=. i6-»<DtS'J- KB 1 4 1 R0IGMR^4 
5©Sa5L/=3»©±IC. GMR»^4 5©gdiLf=gP 
»lcfefcS"?y-»14B4 4©ffi<b£IK±L. 
|Sl±?-&-Sfc«)IC, Taf(D«8^'V7i14 2j 

[0 0 6 0] I^BIiil 33tLtfflW«»tt 
BfFa©HJB©»SI 3 1 1^ L * 5 feafefrTSS L^lttll* 
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^3£P)t:£?i~L.T. SSKttJf 4 2©»<b©7jfl 
(y^isj) BLUyj-m^4 4©8Mb©7jfi£@s« 

148 4 2©8Hb©;fc|S) (Y^|Sj) lcfi^i>^|S] (ffljt 

tf. -x^isi) ic^r^fctoic. **©?j|p|i::»*i£ 

-atttS I^Sr^(D«Hb<D^ |Sj £ J§.^ * . 
[0061] S2©IitLT. 

4 4 ©x® £ A r m ICJ: * ^ M X/ < y * ifclM* 
ECRt$©?isfc|Cj;oT*y-x>yL. 

4 4<o«ffi<DK<bK. U^KDgJ. JUMtl^tt»4i 
***yMtl«fcft. 01 3 (b) K:*-r«fc5lc. cu- 
rates 4 4 ©_tlC. £:&-*f©ft 1 (D^«tt)g 1 2 2 $ 

j*ku *o>±.\ztt-xo>m i ©$iai±Bi i2 3$i 

-t-©-tl~ft2©|£»1£Jg1 3 1 £fj£R 
L. *©±fcft2©&tt1£Rl 3 2^filKtS. 
£*5-**©JRS»14«ai 3 3£fi&Rff*fi6L. 
M0$10#atRl 2 2. $1d)^ItI1 23.1 
2©2M»ffig1 31. ft2©Si814J8t1 3 2JktfgSI 
14R1 3 3T«l«**t***-»0«JilI/WT^Ji1 
3 4t»|*t4CttJ:«, £=£-#©»»«/ nV/'X 

[00 6 2] £fc. ^2<DIItLT, H1 5 (a) IC 

4(D±ffi^a5<koic> fti©#»i*j»Ri 501.® 

10iftttttMRl 5 0 2. l2tf)#fitttIKl 5 0 3. 

m 2 ©sfcttsui 1 5 o 4 x.VR&m&mm 1 5 o 5 £ 
m*a®fi£i8Lfc». 015 (b> ic^-r«fc5ic 7*- 

y. fti©#»tt»Bii 6oi*i«gmrx74 5» 

*K**aB£4xfcfti©3iBM£lfl«l 5 0 2. 352© 

#HMtJHBl 5 0 3. S2fl)aifiiI15 04Si;fi 
Stttt BR 1 5 0 5 A<PMB*£;h.. £*i-*i©ft 1 © 
#«ttRl 51. $1(0^ilti1 52. *20JMH£ 
■ 1 5 3. ft2©?£«t1±Rl 5 4Xtf£Si«t1*Rl 5 5 
«»J*U **£:6-*t©ft1 ©#ttttRl 51.S1 
©a»ttRl5 2. ft2©#«ttRl 5 3. %z<r>im 

ttRi 5 4&tf&&«i£Ri 5 5t«fit*wts-*t 

©«8«/W7Xi1 5 6^MLT*6K C(DiI^ 
fc*. BSRttBRlMMBII'WrxBOttttttK© 

*«0ttito«a£ire?*»as {T-—Mum 
i*. * 1 tommwm i5oi.ii o&mtemm i 5 
02. nz<D$m®.mmi 503. ft2©siai4BRi 

5 0 4Rtf£5MBttBR 1 5 o 5 £«|;*«BJ*R Lfc* 

mo. eg$*tfc« i oMntii 1 5 o 1 . mi 

©8BM4BR 1 5 0 2. ft2©#«14BR 1 503. ft 
2 ©3£tt14BR 1 5 0 4;&I/R3£»tttf |g 1 5 0 5 A< K 

^ -i x -v ^ :> *«m>*sh~ a y $ *i * su icggs&-r s 



©A<#*L.l\, 

[0063] Hi 61=** «*?!::. ft2©Igt 

LT. GMR5fH?-£«|j***-7U-BH£B4 4©_tffi£ 
ft1©#«&14Rl 6 1^ILfc«. «S 
Ui?^H6 2*»«Lt. *4r£:&-*f©ft1 ©S« 
ttHl 6 3. ft2©3MK14Rl 6 4. l2 0)MttI1 
6 5XI/S8J814R1 6 6$MjkgtnffALT. ftl© 
*ttttR 16 1. £:fe-*t©ft 1 ©8«14R 1 6 3 . ft 
2©*«ttKl6 4. ft2©3£BM4Rl 6 
#©Eg»ttRl 6 6A%&<E*:£:&-**©»B**/W7 
XB1 6 7£Jfcj£LT*,&l\, 

[0 0 6 4] £fc. Hfi&©fti6©fl2®3lcfcl*.5te©— 
A&mftKLT* S3fl)IltLT. @1 7 (a) Izjp 
*<fc5l=. «l!US;xh£8'JR*L.T. £*-**©£&« 
&R1 3 3;&t/GMRJJt^£«tJ**3:?y-i814B4 4 

©smLfcS?^©±ic±(*^a-5ck5i^iiy- kbr 

17l£fifcRL. *©&. 7thbvXh^ifliLTK 

^-rx y^>^©^jtrc«fey. s«»j-kbri 7 1 

©-ai^ B'J» LT 37 'J — ffittS 4 4 JiffiA<Stij 
**J:9I=U S^-»©m«'J-K®1 7 2?ML 

Ttsi', 017 (b) i-^-r«fcai-. ffe©«ic 

ifc It *ft 2 (DIS-C GMRff4 5 £«!** 67'J-tt 
ttB 4 4 ©J:Si£ m o «fc o lc^R$*tfcft 1 ©IHB&R 
i 6 i ©Sm LfcSP»©Jiffi»i;s^«ttK 1 6 6©± 
*a?*3l-. «»U— KHIS1 7 3$ARU ^-© 
^. 7t h^itLt K7-fl->»f >^?0)^ 

lw«fe y . ft 1 ©#»1±R 1 6 1 SUM*? U -«14B 4 

4 ©-g?6<saj-r^«k 5 i-ms 'J - KSK 1 7 3 ©—SB 

£BiJB*L-C. Se-»©*«'J-KSl 7 4SMLT 

[0065] ft3©XStLT. 01 8 (a) IZ 

*"TJ:3IC. ft2©XSt?^fitLfc!SSUi?Xh^BS{ 
L. #J©«£U£?X h 1 8 1 ^^fiELT. S*-»©S 

ii^gi 3 3B.VGMRm*&mi8.i-z>?')-m&m 

4 4©SaiLfcS»^©-6?^a5«*:5l-UT^— »© 
%&M-Kff18 2$^Lr«gl\ 018 
(b) lz*-TJ:5lc. S2©Ig-eMUfcfIl/yX 
h£8IKSL. »l©SSUi?Xhl 8 3 4MUT, 
-«©K^«14R 1 6 6 X.V -? ') -HM4B 4 4 ©±|cfiE 

is$*tfcft i ©i^iattR 1 e i ©sm Lfc«s»©-su$ 

a5«fc9l3LT**-«©*ffiy— KB1 8 4^^BEL 
ttll\ /Si. 0*LTl^l^. lfF2©HS6©^S3 
icfci+^ft 3 ©x§©te©Wllc33i^-cittBJ Lfc«k 5 ic. 
Sl©t£l/y^ h 1 8 1 ^^fiK-r^Bfric. S^-«©J5 
Mliii 3 3S.i;GMR^^«l^-r«.3"J-iS14B 
4 4 ©StB LfcgfJ»^ S-5 cfc o lc+ 1? ^B^fiEIS LT 
*J©SSUi?X h 1 8 1 $m&LLT, tt—*t<»n 
SU-K11 8 2^«JBEL-Ct,SL^„ *fc. »|©S^U 
vX H 8 3 *WI=, 2E^-«©SSffittJi 1 

6 68tf7'J -ffltttB 4 4 ©-tlClSSI^Jltcft 1 (DIMS 
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£=&-#0>m«y— kbi 84fMLTtai^ 

[0 0 6 6) *fc. !3^©^2 0!>lS»OCm3a)XglC 
ifclvC. !&2(DX;g£:LT. 01 9I=*?-J:5I=. GM 

ic mi©*«ttJSisi sol. sfn«>3t«ttBigi 9 

02, m2(D#«ttl5Ml 9 0 3. m2<D%BtttJBg1 

904 »i;R^i8iijBK 1905 $ mxmmim l. * 

fc. l3©IgtLT. Mlc^©±lc*au-K»K1 

9 o 6 £ bek Lt&. ■? <j -m&m 4 4 <o-mmm? 
^©^aicfc y . ma y - kbh igoe, saattts 

I1 905. I2©3«ftii1 9 0 4. 9»20>#M8f£ 
11 903. &10&B&R1 9 0 2&(fIl(Dieii 

BBi9oi$«yaoT. p'j-«tt»4 4©j:t. 
**s*j-*jrom i a>#«ttJBt 191. 16 1 ©BBtffig 

1 9 2. Sg2(D#«tt§|1 9 3. mZO&mimt 9 4 
»tXR5S«t1±Kl 9 SfrP>tj:Z>tt-*t0>Wa&'U 7 
*B 1 9 6 JM/£tr-*t<DmS U — KJS 1 9 7 L 
-Ctai*. Si. ctf>B$. f£i©2Mai*BIBi 9 0 1**3 

m-r*«k5iz. ^ ^ >^tf o^rc £ y m y n 
ottfiK. cco«^tt. @£»i*b*i*i*«b«/< 

s i*. sg 1 ©if k&br 1901. m 

9 02. Sg20>3«Btt»§i1 9 03. 
fg2<Z>3£ttft»@1 9 0 4. £&HtttS§i1 9 0 5RU! 
mSy-KBK£«*SBJ*BILfc&-C-. Mo. h 

'J-B&B4 4(D-SPft<Saj-r-&«>: : 51^(S{$*t-S«Flc 

[OO 6 7] «±<D,fc5K*Hte©S*®fcJ;*ttf. wTia 
(0»l®^3 ^@«(OM^b^« SB 

1 ©aiaiiKfcm2a>^BitKa)B<b©^s$tesiMc 
SL>tfT*.>fiL^5ctlc/«Ey. fio. 3»1£iB<DiS® 

«H*B<o»fl:<D:5iPi*<<fc yWLttctfty, «k y— 
bss Lfcs^tt^^ m? zmtmmfti&mMmmmm 

[0O68] (06J£O>«2!g5) 020-02 21*. *I6 

xg«^giw@T-ifoy. mf5.t£nmmz*t!Si-rz^y k 

fc»a@T?fc^ 0 lilT. 0®£^TS£ffll»§i«!a5» 



[0069] SSKDXgirLT. 02O (a) 

5rc. sssBittB 201. ®^«14B 202. nm&m 
mm 2 o 3 &ify y — b&b 2 o 4 a^sb^k^ *itrj 

^^*lfcGMR*^2 0 5<D±l-. Ta^(D*m$fflU 
T7'J -»ttB 2 O 4 <0»<bl»Jh©fc toO)*^ 111 2 

0 6£j»T&o 

[0 0 7 0] JfelC. Sr2<DXgtLT. @20 (b) |Z 
tI©Uv^h2 0 7$MLT, GMR 

i^2 0 5©7U -«ttB 2 o 4 ©pffligpro-gB*<gaj 

^--5<fc3lr. *y :?B 2 O 6 <D— 3P$#JfS& L. 

iz. */7S*-»o*«ti±^2 051. &m®m2 0 5 

2»i;SK«14K2 0 5 3^B^aB«KLT. £=6- 
#<D»B*><-f 7X12 0 8 

[0O7 1] H3©IgiLT, 02 O (c) |C^-T«J; 
5IC. **-«(DR^«tttK2O5 3(0JblC. Cu. C 
r BlMiT a <D#tttt*m$ Ml>T$6-»©ia *J 
-KB2 0 9^B6^-T*. erotic IT. SifcffliSSUS 

[0O7 2] H5a<D^2(DXgl=fcUT. 02 1 

IZ3jt-r«fc5l=. IlU'^l-2 1 0£JKfi£LT. GMR 

hhp©? y— «ttB2 o 4<d@s«sbo>— awsai-raj: 

513. *^-v^B2 0 6«>-SS^B«|!S!L. *©-tl:i. * 
1 ©#BttBt2 1 1 . Sg 1 ©3fc«fflg2 

1 2. m20>#«MMi2 1 3. m2W3«ai±K2 I 4R 
tfS3ltt1iK2 1 5$MLT. £*J-**©SB»/*-f 
7XB2 1 6j»ttLTtftlV 

[0 0 7 3] *fc. tg1(0XSlC*>U>TB6K**l4@^ 
ttttBI*. @2 (c) lziP;k*i-& t fc5fc. SHWSB** 

1 -c^isj-r «n«ti»6 •5«B@^»ttst?ife o 

ttfil\ PHilc. 02 (d) (C^-r«fc5l-. 7 

y -BttB4»B y * ?7'j -«iiB6<iiaro*)tiait«» 

[0 0 7 4] fg3<0XgtLT. 02 2 (a) IZ 

m&m 2 o 5 3 rug m Rm+zmm? -«tts 

2 0 4 <D±IC^$*tfc^r V V ^B 2 O 6 (Dfiiti Lfcg? 

L. ^(D^. 7 'J-)ltS2 O 4©±tfeS*t >v71 
2 0 605— 8M)<8ffi-f ££51-. 7thl/^hSI* 

lt K7^iff >yt?(o^asi- ct y me y - kbk 2 
2 1 (D-8P^gi|»Lr. £*>-*ia>mtiy-KB2 2 2 

[007 5] 02 2 (b) IC^-T*5IC. 13© 

XSirLT. *2©XS-C*fl$«LfcS^UvXh^Biy 
»L^-«. SlCDS^Ui;xh2 2 3^^Lr. S*- 

noK&m&m 2053»i;gm ri^j «^-r i>7u 

-BttB 2 0 4 <D±lCj^fiE$*tfc+^ ^7120 6©S 

as LfcSB»ro-gB^ a 5 «>: 5 ic LT^fe-^roma y - 

KB2 2 4£Jfcl£L.T=ifil\ > «10>^«ittM. mi© 
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[0 0 7 6] Jil±fl)«fe5lC*ll!S(D»®lC«fe*tli, jSijS 

(ommoimm 3 a nifc©**® 4 1 pj c £ ? fc&n^ft 

[0077] 

[lees©^] m±<D«fc5ic*iewi±. gmri^s 

^attt^i:© 3 B-iUM* 5 B<D»B«/ W 7XB£ **J$ 

•rscti-J^T, aB»/Wr^Bfl>SifflEttlSi*. 
<D±lcfcSK3£«H±B£ ot-S© 

/<-fT^B©a^/«cK»^-r§#«^^^LT«rsj 

Uf:?S«tfiMi<!:GMR3(l^©7y-«t14B (3B(Di§ 

«Lfc7"J-»ttBWB^Izlt«Lr. #«l=ifel«lt« 
ftoz> 'J-mttBtt^^SS LfcaHbro^R*^*. * 
ffiUBoraicfe^^y-attsgp^is ^«tt±Mi~»(6j 

Lfc**©? y -«1±B0>l»fl:<D7Jfp| <!: © £7J|p|lc3?3£ 
LT|S}#g<fcy. -/-fX©S6±A<*£<, ISgS© 

[01 ] *ssk©h!£co}i$® 1 ^-tmmm^y k<b 

jEB«H8&5tB 

[02] *IBB^(DglJ6(D}i$®2$*-r-3Slg»Si'W K<D 
JEffi«UB8&5t0 

[03] *fEW©HJ6(D^«3lctJi+S-3S)S«a^-y K 

[04] *IEIB©3llfi©»SS3lzj3lt4»e«Si^ry K 
<D»5tXS<nm 1 (DXfI£ifof jE®«SB80 
[05] :MBH<D3m®»S3i::£iT«aRttat'v?K 

D 

[0 6] *%m<Dmm<D&®3iztsrt&mmm&.~>v k 

<D§!!&X*I<Dfg 4 (DXS&Wfl)-a!«)IgJ EBB 



[07] **^(Dllffi<0^3(Dffe<De4lCfcltS^« 
jEBffiB&0 

[08] *IBIB©3ll60»ffi3©^a>«l=fcltft»K« 
ft'vy K(OSJitXS©m2<DXg^-riEffi«lBS0 

[09] *SEB^fl)||JS(O^S3©<fe£0«|||-fcltSSSB« 
Si^-v K<DSl3txaa)m3<ox|i$*-riE®«lltS0 

[01 0] *SEWOSIJ6<7>^S3(Dte(D«l=fcltSjSSm 

K©ffii§xs<7>m3<Dxg£5^rjESMaB80 

[01 1] *fB^OHJ6«)»B3 0!)tt©«lctelt*»K 

K©$&Xig(Dfg3(DX*§£;*?-jEffi«IB&0 

[012] *f£m<Dmmo>te®4tu-tz > nmms.^v k 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film magnetic 
head, which is used as a reproducing head made to narrow the 
gap length for reproducing a recording signal having a short 
wavelength according to high-density recording, having high 
sensitivity and stable reproducing performance by supplying 
stable vertical bias and to provide a method for manufacturing 
the thin film magnetic head. 

SOLUTION: This thin film magnetic head is obtained by forming a 
pair of right-and-left laminated vertical bias layers, which are 
constituted of a pair of right-and-left nonmagnetic films, a pair 
or right-and-left ferromagnetic films and a pair of right-and-left 
antiferromagnetic films, on a free magnetic layer existing on the 
uppermost part of a magneto-resistive effect element to fix the 
magnetization of the free magnetic layer opposite to the 
laminated vertical bias layers in a very strong 
exchange/combination magnetic field and the thin film magnetic 
head having high sensitivity and stable reproducing performance 
can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The vertical bias layer which has a magnetoresi stance-effect element through an insulating material, and was 
prepared in contact with the aforementioned magnetoresistance-effect element between the lower shield layer and the 
up shield layer, In the magnetoresistance-effect type thin film magnetic head which consists of an electrode lead layer 
for passing the signal current The magnetoresistance-effect element which consists of an antiferromagnetism layer, a 
fixed magnetic layer, a nonmagnetic conductive layer, and a free magnetic layer, the laminating length bias layer of a 
right-and-left couple which consists of the nonmagnetic membrane, ferromagnetic, and antiferromagnetism film of a 
right-and-left couple on the aforementioned free magnetic layer which constitutes the aforementioned 
magnetoresistance-effect element, respectively, and the thin film magnetic head characterized by being come out and 
constituted 

[Claim 2] The thin film magnetic head according to claim 1 characterized by to have the thickness of the 
aforementioned nonmagnetic membrane of the right-and-left couple which constitutes the aforementioned laminating 
length bias layer from which the direction of magnetization of the aforementioned free magnetic layer which constitutes 
the aforementioned magnetoresistance-effect element of the portion which has countered the aforementioned 
ferromagnetic of a right-and-left couple through the aforementioned nonmagnetic membrane of a right-and-left couple 
turns into the direction and the opposite direction of magnetization of the aforementioned ferromagnetic of a 
right-and-left couple. 

[Claim 3] The thin film magnetic head according to claim 1 characterized by being in the range whose thickness of the 
aforementioned nonmagnetic membrane of a right-and-left couple is 0.4-3nm. 

[Claim 4] the laminating length bias layer of a right-and-left couple which consists of the 1 st nonmagnetic membrane, 
1 st ferromagnetic, 2nd nonmagnetic membrane. 2nd ferromagnetic, and antiferromagnetism film of a right-and-left 
c uple, respectively on the aforementioned free magnetic layer which constitutes the magnetoresistance-effect 
element which consists of an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and a 
free magnetic layer, and the aforementioned magnetoresistance-effect element, and the thin film magnetic head 
characterized by being come out and constituted 

[Claim 5] It has the thickness of the 1st nonmagnetic membrane of the above of a right-and-left couple from which the 
direction of magnetization of the aforementioned free magnetic layer turns into the direction and opposite direction of 
magnetization of the 1st ferromagnetic of the above of a right-and-left couple. The thin film magnetic head according 
to claim 4 characterized by having the thickness of the 2nd nonmagnetic membrane of the above of a right-and-left 
couple from which the direction of magnetization of the 2nd ferromagnetic of the above of a right-and-left couple turns 
into the magnetization direction and opposite direction of a ferromagnetic layer of the above 1 st of a right-and-left 
couple. 

[Claim 6] The thin film magnetic head according to claim 4 characterized by for the thickness of the 1 st nonmagnetic 
membrane of the above of a right-and-left couple being in the range of 0.4-3nm, and being in the range whose 
thickness of the 2nd nonmagnetic membrane of the above of a right-and-left couple is 0.4-3nm. 

[Claim 7] The thin film magnetic head according to claim 1 to 6 characterized by having the cap layer which is between 
the aforementioned laminating length bias layers of a right-and-left couple, and touched the upper surface of the 
af rementioned magnetoresistance-effect element 

[Claim 8] The thin film magnetic head according to claim 1 to 7 characterized by consisting of laminating fixed magnetic 
layers to which the aforementioned fixed magnetic layer which constitutes the aforementioned 
magnetoresistance-effect element carried out the laminating of the two fixed magnetic layer films which counter 
through a non-magnetic layer film. 

[Claim 9] The thin film magnetic head according to claim 8 characterized by having the thickness of the aforementioned 
non-magnetic layer film which becomes each other in the reverse direction in the aforementioned laminating fixed 
magnetic layer about the direction of magnetization of the aforementioned fixed magnetic layer film which countered 
through the aforementioned non-magnetic layer film. 

[Claim 10] The thin film magnetic head according to claim 8 to which thickness of the aforementioned non-magnetic 
layer film is characterized by being in the range of 0.4-3nm in the aforementioned laminating fixed magnetic layer. 
[Claim 11] The thin film magnetic head according to claim 1 to 10 characterized by the aforementioned free magnetic 
layer which constitutes the aforementioned magnetoresistance-effect element consisting of laminating free magnetic 
' layers by which two or more layer laminating was carried out by soft magnetic materials of a different kind in the 
material of the adjacent free magnetic layer film. 

[Claim 1 2] The manufacture method of the thin film magnetic head characterized by providing the following. The 1 st 
process which carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic conductive layer, and the free magnetic layer one by one, and forms a magnetoresistance-effect element 
in the upper surface of the lower gap insulating layer formed on the lower shield layer. On the afbremention d free 
magnetic layer at the topmost part of the aforementioned magnetoresistance-effect element carry out membrane 
formation formation of the nonmagnetic membrane of a right-and-left couple, carry out laminating membrane formation 
of the ferromagnetic of a right-and-left couple on it and laminating membrane formation of the antiferromagnetism film 
of a right-and-left couple is carried out further at a it top. The 2nd process which forms the laminating length bias 
layer of a right-and-left couple which consists of the aforementioned nonmagnetic membrane, the aforementioned 
ferromagnetic, and the aforementioned antiferromagnetism film, and the 3rd process which forms the electrode lead 
layer of a right-and-left couple on the aforementioned antiferromagnetism film formed in the topmost part of the 
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aforementioned laminating length bias layer. 

[Claim 13] The manufacture method of the thin film magnetic head according to claim 12 characterized by having the 
2nd process which carries out laminating membrane formation of the nonmagnetic membrane of a right-and-left couple, 
the ferromagnetic of a right-and-left couple, and the antiferromagnetism film of a right-and-left couple, and forms the 
laminating length bias layer of a right-and-left couple on the aforementioned free magnetic layer after cleaning the 
aforementioned free magnetic layer formed in the topmost part of the aforementioned magnetoresistance-effect 
element in the 2nd process of a claim 1 2. 

[Claim 1 4] So that the aforementioned free magnetic layer top formed in the topmost part of the aforementioned 
magnetoresistance-effect element may be covered in the 2nd process of a claim 1 2 So that a part of aforementioned 
free magnetic layer formed in a part of aforementioned nonmagnetic membrane or the topmost part of the 
aforementioned magnetoresistance-effect element may be exposed, after carrying out laminating membrane formation 
of a non-magnetic layer film, a ferromagnetic layer membrane, and the antiferromagnetism layer membrane one by one 
By deleting a part of aforementioned ferromagnetic layer membrane by which laminating membrane formation was 
carried out at least, and aforementioned antiferromagnetism layer membrane, and forming the nonmagnetic membrane, 
ferromagnetic, and antiferromagnetism film of a right-and-left couple on the aforementioned free magnetic layer, 
respectively The manufacture method of the thin film magnetic head according to claim 1 2 characterized by having the 
2nd process which forms the laminating length bias layer of a right-and-left couple. 

[Claim 1 5] After forming a nonmagnetic membrane so that the aforementioned free magnetic layer top formed in the 
topmost part of the aforementioned magnetoresistance-effect element may be covered in the 2nd process of a claim 
1 2, laminating membrane formation formation of the ferromagnetic and antiferromagnetism film of a right-and-left 
couple is carried out one by one on it, respectively. The manufacture method of the thin film magnetic head according 
to claim 1 2 characterized by having the 2nd process which forms the vertical bias layer of a right-and-left couple 
which consists of a nonmagnetic membrane, a ferromagnetic of a right-and-left couple, and an antiferromagnetism film 
of a right-and-left couple. 

[Claim 1 6] The manufacture method of the thin film magnetic head characterized by providing the following. The 1 st 
process which carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic conductive layer, and the free magnetic layer one by one, and forms a magnetoresistance-effect element 
in the upper surface of the lower gap insulating layer formed on the lower shield layer. On the aforementioned free 
magnetic layer formed in the topmost part of the aforementioned magnetoresistance-effect element, laminating 
membrane formation of the 1st nonmagnetic membrane, 1st ferromagnetic, 2nd nonmagnetic membrane, 2nd 
ferromagnetic, and antiferromagnetism film of a right-and-left couple is carried out one by one, respectively. The 2nd 
process which forms the laminating length bias layer of a right-and-left couple, and the 3rd process which forms the 
electrode lead layer of a right-and-left couple on the aforementioned antiferromagnetism film formed in the topmost 
part of the aforementioned laminating length bias layer. 

[Claim 1 7] After cleaning the aforementioned free magnetic layer formed in the topmost part of the aforementioned 
magnetoresistance-effect element in the 2nd process of a claim 1 6, On the aforementioned free magnetic layer, 
laminating membrane formation of the 1 st nonmagnetic membrane, 1 st ferromagnetic, 2nd nonmagnetic membrane, 2nd 
ferromagnetic, and antiferromagnetism film of a right-and-left couple is carried out one by one, respectively. The 
manufacture method of the thin film magnetic head according to claim 1 6 characterized by having the 2nd process 
which forms the laminating length bias layer of a right-and-left couple. 

[Claim 1 8] So that the aforementioned free magnetic layer top formed in the topmost part of the aforementioned 
magnetoresistance-effect element may be covered in the 2nd process of a claim 1 6 After carrying out laminating 
membrane formation of the 1st non-magnetic layer film, the 1st ferromagnetic layer membrane, the 2nd non-magnetic 
layer film, the 2nd ferromagnetic layer membrane, and the antiferromagnetism layer membrane one by one. So that a 
part of aforementioned free magnetic layer formed in some non-magnetic layer films of the above 1 st or the topmost 
part of the aforementioned magnetoresistance-effect element may be exposed A part of the ferromagnetic layer 
membrane of the above 1 st by which laminating membrane formation was carried out at least, non-magnetic layer film 
of the above 2nd, ferromagnetic layer membrane of the above 2nd, and aforementioned antiferromagnetism layer 
membrane are deleted. By forming the 1 st nonmagnetic membrane, 1 st ferromagnetic, 2nd nonmagnetic membrane, 2nd 
f rromagnetic, and antiferromagnetism film of a right-and-left couple on the aforementioned free magnetic layer, 
respectively The manufacture method of the thin film magnetic head according to claim 1 6 characterized by having the 
2nd process which forms the laminating length bias layer of a right-and-left couple. 

[Claim 1 9] After forming the 1 st nonmagnetic membrane so that the aforementioned free magnetic layer top formed in 
the topmost part of the aforementioned magnetoresistance-effect element may be covered in the 2nd process of a 
claim 16, Laminating membrane formation formation of the 1st ferromagnetic, 2nd nonmagnetic membrane, 2nd 
ferromagnetic, and antiferromagnetism film of a right-and-left couple is carried out one by one on it, respectively. The 
manufacture method of the thin film magnetic head according to claim 1 6 characterized by having the 2nd process 
which forms the vertical bias layer of a right-and-left couple which consists of the 1 st nonmagnetic membrane of th 
above, the 1 st ferromagnetic of the above of a right-and-left couple, the 2nd nonmagnetic membrane of the above, the 
2nd ferromagnetic of the above, and an antiferromagnetism film of a right-and-left couple. 
[Claim 20] An electrode lead layer membrane is formed so that the upper surface which the aforementioned 
antiferromagnetism film of the right-and-left couple formed in the topmost part of the aforementioned laminating length 
bias layer and the aforementioned nonmagnetic membrane, or the aforementioned magnetoresistance-effect element 
exposed may be worn. So that a part of aforementioned nonmagnetic membrane or a part of aforementioned 
magnetoresistance-effect element may be exposed The manufacture method of the claim 1 2 characterized by deleting 
a part of aforementioned electrode lead layer membrane, and having the 3rd process which forms the electrode lead 
layer of a right-and-left couple - a claim 1 4, or the thin film magnetic head according to claim 1 6 to 18. 
[Claim 21] After forming an electrode lead layer membrane so that the upper surface which the aforementioned 
nonmagnetic membrane formed by the aforementioned antiferromagnetism film and the bottom of a right-and-left 
couple which were formed in the topmost part of the aforementioned laminating length bias layer exposed may be worn, 
The manufacture method of the thin film magnetic head according to claim 1 5 characterized by deleting a part of 
aforementioned electrode lead layer membrane, and having the 3rd process which forms the electrode lead layer of a 
right-and-left couple so that a part of aforementioned nonmagnetic membrane or aforementioned 
magnetoresistance-effect element may be exposed. 

[Claim 22] After forming an electrode lead layer membrane so that the upper surface which the 1 st nonmagnetic 
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membrane of the above formed by the aforementioned antiferromagnetism film and the bottom of a right-and-left 
couple which were formed in the topmost part of the aforementioned laminating length bias layer exposed may be worn. 
The manufacture method of the thin film magnetic head according to claim 1 9 characterized by deleting a part of 
aforementioned electrode lead layer membrane, and having the 3rd process which forms the electrode lead layer of a 
right-and-left couple so that a part of 1 st nonmagnetic membrane of the above or aforementioned 
magnetoresistance-effect element may be exposed. 

[Claim 23] On [ some ] the upper surface which the aforementioned antiferromagnetism film of the right-and-left 
couple which formed the resist and was formed in the topmost part of the aforementioned laminating length bias layer 
in the 3rd process of a claim 1 2 and the aforementioned nonmagnetic membrane, or the aforementioned 
magnetoresistance-effect element exposed The manufacture method of the claim 1 2 characterized by having the 3rd 
process which forms the electrode lead layer of a right-and-left couple - a claim 14, or the thin film magnetic head 
according to claim 1 6 to 18. 

[Claim 24] The manufacture method of the thin film magnetic head according to claim 1 5 characterized by having the 
3rd process which forms the electrode lead layer of a right-and-left couple on [ some ] the upper surface which the 
aforementioned nonmagnetic membrane formed by the aforementioned antiferromagnetism film and the bottom of a 
right-and-left couple which formed the resist and were formed in the topmost part of the aforementioned laminating 
length bias layer exposed. 

[Claim 25] The manufacture method of the thin film magnetic head according to claim 1 9 characterized by having the 
3rd process which forms the electrode lead layer of a right-and-left couple on [ some ] the upper surface which the 
1st nonmagnetic membrane of the above formed by the aforementioned antiferromagnetism film and the bottom of a 
right-and-left couple which formed the resist and were formed in the topmost part of the aforementioned laminating 
length bias layer exposed. 

[Claim 26] The 2nd process of a claim 12 and the 3rd process which are characterized by providing the following. The 
2nd process which carries out laminating membrane formation of a non-magnetic layer film, a ferromagnetic layer 
membrane, and the antiferromagnetism layer membrane one by one so that the aforementioned free magnetic layer top 
formed in the topmost part of the aforementioned magnetoresistance-effect element may be covered. Furthermore, so 
that a part of aforementioned free magnetic layer formed in some aforementioned non-magnetic layer films or the 
topmost part of the aforementioned magnetoresistance-effect element may be exposed, after forming an electrode lead 
layer membrane so that the aforementioned antiferromagnetism layer membrane may be covered on it A part of 
aforementioned ferromagnetic layer membrane by which laminating membrane formation was carried out at least, 
aforementioned antiferromagnetism layer membrane, and aforementioned electrode lead layer membrane are deleted. 
The 3rd process which forms the nonmagnetic membrane, the ferromagnetic, antiferromagnetism film, and electrode 
lead layer of a right-and-left couple on the aforementioned free magnetic layer, respectively, and forms the laminating 
length bias layer of a right-and-left couple which consists of the aforementioned nonmagnetic membrane, the 
aforementioned ferromagnetic, and the aforementioned antiferromagnetism film of a right-and-left couple, respectively, 
and the aforementioned electrode lead layer of a right-and-left couple. 

[Claim 27] The 2nd process of a claim 1 6 and the 3rd process which are characterized by providing the following. Th 
2nd process which carries out laminating membrane formation of the 1 st non-magnetic layer film, the 1 st ferromagnetic 
layer membrane, the 2nd non-magnetic layer film, the 2nd ferromagnetic layer membrane, and the antiferromagnetism 
layer membrane one by one so that the aforementioned free magnetic layer top formed in the topmost part of the 
aforementioned magnetoresistance-effect element may be covered. Furthermore, so that a part of aforementioned free 
magnetic layer formed in some non-magnetic layer films of the above 1 st or the topmost part of the aforementioned 
magnetoresistance-effect element may be exposed, after forming an electrode lead layer membrane so that the 
aforementioned antiferromagnetism layer membrane may be covered on it A part of the ferromagnetic layer membrane 
of the above 1 st by which laminating membrane formation was carried out at least, the non-magnetic layer film of th 
above 2nd, ferromagnetic layer membrane of the above 2nd, aforementioned antiferromagnetism layer membrane, and 
aforementioned electrode lead layer membrane are deleted. On the aforementioned free magnetic layer, respectively 
The 1 st nonmagnetic membrane of a right-and-left couple, the 1 st ferromagnetic. The 2nd nonmagnetic membrane, 2nd 
ferromagnetic, antiferromagnetism film, and electrode lead layer are formed. The 3rd process which forms the 
laminating length bias layer of a right-and-left couple which consists of the 1 st nonmagnetic membrane of the above, 
the 1 st ferromagnetic of the above, the 2nd nonmagnetic membrane of the above, the 2nd ferromagnetic of the above, 
and the aforementioned antiferromagnetism film of a right-and-left couple, respectively, and the aforementioned 
electrode lead layer of a right-and-left couple. 

[Claim 28] The manufacture method of the thin film magnetic head according to claim 12 to 27 characterized by having 
the 4th process which forms the cap layer of the sake on antioxidizing and an anti-corrosion disposition on the upper 
surface which the aforementioned free magnetic layer at the topmost part of the aforementioned electrode lead layer 
of a right-and-left couple and the aforementioned magnetoresistance-effect element or the aforementioned 
non-magnetic layer film exposed. 

[Claim 29] An antiferromagnetism layer is formed on the upper surface of the lower gap insulating layer formed on th 
lower shield layer. Furthermore, on it, form the laminating fixed magnetic layer which consists of the 1 st fixed magnetic 
layer film, a non-magnetic layer film, and the 2nd fixed magnetic layer film, and laminating membrane formation of a 
nonmagnetic conductive layer and the free magnetic layer is carried out one by one at a it top. The manufacture 
method of the thin film magnetic head according to claim 1 2 to 28 characterized by having the 1 st process which forms 
a magnetoresistance-effect element. 

[Claim 30] On the lower gap insulating layer formed on the lower shield layer, an antiferromagnetism layer, Laminating 
membrane formation of a fixed magnetic layer and the nonmagnetic conductive layer is carried out one by one, and soft 
magnetic materials of a different kind are further used on it. The 1 st free magnetic layer film. The 2nd free magnetic 

layer film the laminating free magnetic layer that carried out laminating membrane formation of the n-th free 

magnetic layer film (n is two or more positive integers) are formed. The manufacture method of the thin film magnetic 
head according to claim 1 2 to 29 characterized by having the 1 st process which forms a magnetoresistance-effect 
element 

[Claim 31] The manufacture method of the thin film magnetic head characterized by providing the following. The 1st 
process which carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic conductive layer, and the free magnetic layer one by one, forms a magnetoresistance-effect element in 
the upper surface of the lower gap insulating layer formed on the lower shield layer, and forms a cap layer on it further. 
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Form a resist, delete a part of aforementioned cap layer on the aforementioned magnetore si stance-effect element, and 
the aforementioned free magnetic layer is exposed. On the exposed aforementioned free magnetic layer, laminating 
membrane formation of the nonmagnetic membrane, ferromagnetic, and antiferromagnetism film of a right-and-left 
couple is carried out one by one, respectively. The 2nd process which forms the laminating length bias layer of a 
right-and-left couple which consists of the aforementioned nonmagnetic membrane, the aforementioned ferromagnetic, 
and the aforementioned antiferromagnetism film, and the 3rd process which forms the electrode lead layer of a 
right-and-left couple on the aforementioned antiferromagnetism film formed in the topmost part of the aforementioned 
laminating length bias layer. 

[Claim 32] Delete a part of aforementioned cap layer which formed the resist and was formed on the aforementioned 
magnetore si stance-effect element in the 2nd process of a claim 31. and the aforementioned free magnetic layer is 
exposed. On the exposed aforementioned free magnetic layer, laminating membrane formation of the 1 st nonmagnetic 
membrane, 1 st ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and antiferromagnetism film of a 
right-and-left couple is carried out one by one, respectively. The manufacture method of the thin film magnetic head 
according to claim 31 characterized by having the 3rd process which forms the laminating length bias layer of a 
right-and-left couple. 

[Claim 33] In the 1st process of a claim 31, on the upper surface of the lower gap insulating layer formed on the lower 
shield layer Form an antiferromagnetism layer, form further the laminating fixed magnetic layer which consists of the 
1 st fixed magnetic layer film, a non-magnetic layer film, and the 2nd fixed magnetic layer film on it, and laminating 
membrane formation of a nonmagnetic conductive layer and the free magnetic layer is carried out one by one on it. The 
manufacture method of the thin film magnetic head given in either the claim 31 which forms a 

magnetoresistance-effect element and is further characterized by having the 1 st process which forms a cap layer on it, 
or the claim 32. 

[Claim 34] In the 1st process of a claim 31, on the upper surface of the lower gap insulating layer formed on the lower 
shield layer Laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, and the 
nonmagnetic conductive layer is carried out one by one. further on it The 1 st free magnetic layer film, the 2nd free 

magnetic layer film, , the laminating free magnetic layer that carried out laminating membrane formation of the n-th 

free magnetic layer film (n is two or more positive integers) are formed using soft magnetic materials of a different kind. 
The manufacture method of the thin film magnetic head according to claim 31 to 33 which forms a 

magnetoresistance-effect element and is further characterized by having the 1st process which forms a cap layer on it 

[Claim 35] An electrode lead layer membrane is formed so that the upper surface which the aforementioned 
antiferromagnetism film of the right-and-left couple formed in the topmost part of the aforementioned laminating length 
bias layer and the aforementioned cap layer exposed in the 3rd process of a claim 31 may be worn. The manufacture 
method of the thin film magnetic head according to claim 31 to 34 characterized by deleting a part of aforementioned 
electrode lead layer membrane, and having the 3rd process which forms the electrode lead layer of a right-and-left 
couple so that a part of aforementioned cap layer or magnetoresistance-effect element may be exposed. 
[Claim 36] The manufacture method of the thin film magnetic head according to claim 31 to 34 characterized by having 
the 3rd process which forms a resist and forms the electrode lead layer of a right-and-left couple on [ some ] the 
upper surface which the aforementioned antiferromagnetism film of the right-and-left couple formed in the topmost 
part of the aforementioned laminating length bias layer and the aforementioned cap layer exposed in the 3rd process of 
a claim 31. 

[Claim 37] So that the upper surface of the free magnetic layer at the topmost part of the aforementioned 
magnetoresistance-effect element may be worn So that some aforementioned non-magnetic layer films or a part of 
aforementioned free magnetic layer may be exposed after laminating membrane formation of a non-magnetic layer film, 
a ferromagnetic layer membrane, and the antiferromagnetism layer membrane is carried out one by one and A part of 
aforementioned non-magnetic layer film by which the laminating was carried out, aforementioned ferromagnetic layer 
membrane, and aforementioned antiferromagnetism layer membrane are deleted. Before forming the laminating length 
bias layer of a right-and-left couple, the direction of each magnetization of the aforementioned fixed magnetic layer 
which constitutes the aforementioned ferromagnetic layer membrane and the aforementioned 

magnetoresistance-effect element by which laminating membrane formation was carried out The manufacture method 
of the thin film magnetic head according to claim 1 4 characterized by adding heat treatment to the aforementioned 
antiferromagnetism layer of the aforementioned antiferromagnetism layer membrane by which laminating membrane 
formation was carried out so that it might become in each predetermined direction, and the aforementioned 
magnetoresistance-effect element 

[Claim 38] So that the upper surface of the aforementioned free magnetic layer at the topmost part of the 
aforementioned magnetoresistance-effect element may be worn So that some non-magnetic layer films of the above 
1 st or a part of aforementioned free magnetic layer may be exposed after laminating membrane formation of the 1 st 
non-magnetic layer film, the 1st ferromagnetic layer membrane, the 2nd non-magnetic layer film, the 2nd ferromagnetic 
layer membrane, and the antiferromagnetism layer membrane is carried out one by one and A part of the ferromagnetic 
layer membrane of the above 1 st by which the laminating was carried out at least non-magnetic layer film of the above 
2nd, ferromagnetic layer membrane of the above 2nd, and aforementioned antiferromagnetism layer membrane are 
deleted. The ferromagnetic layer membrane of the above 1 st by which laminating membrane formation was carried out 
before forming the laminating length bias layer of a right-and-left couple. The direction of each magnetization 'of the 
aforementioned fixed magnetic layer which constitutes the ferromagnetic layer membrane and the aforementioned 
magnetoresistance-effect element of the above 2nd The manufacture method of the thin film magnetic head according 
to claim 1 8 characterized by adding heat treatment to the antiferromagnetism layer of the aforementioned 
antiferromagnetism layer membrane by which laminating membrane formation was carried out so that it might become 
in each predetermined direction, and the aforementioned magnetoresistance-effect element 
[Claim 39] So that the upper surface of the aforementioned free magnetic layer at the topmost part of the 
aforementioned magnetoresistance-effect element may be worn So that some aforementioned non-magnetic layer films 
or a part of aforementioned free magnetic layer may be exposed after laminating membrane formation of a 
non-magnetic layer film, a ferromagnetic layer membrane, an antiferromagnetism layer membrane, and the electrode 
lead layer membrane is carried out one by one and A part of aforementioned ferromagnetic layer membrane by which 
the laminating was carried out at least, aforementioned antiferromagnetism layer membrane, and aforementioned 
electrode lead layer membrane are deleted. Before forming the laminating length bias layer and electrode lead layer of a 
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right-and-left couple, respectively The direction of each magnetization of the aforementioned fixed magnetic layer 
which constitutes the aforementioned ferromagnetic layer membrane and the aforementioned 

magnetoresistance-effect element by which laminating membrane formation was carried out The manufacture method 
of the thin film magnetic head according to claim 26 characterized by adding heat treatment to the aforementioned 
antiferromagnetism layer of the aforementioned antiferromagnetism layer membrane by which laminating membrane 
formation was carried out so that it might become in each predetermined direction, and the aforementioned 
magnetoresistance-effect element. 

[Claim 40] So that the upper surface of the aforementioned free magnetic layer at the topmost part of the 
aforementioned magnetoresistance-effect element may be worn The 1st non-magnetic layer film, the 1st ferromagnetic 
layer membrane, the 2nd non-magnetic layer film, the 2nd ferromagnetic layer membrane. So that some non-magnetic 
layer films of the above 1 st or a part of aforementioned free magnetic layer may be exposed after laminating membrane 
formation of an antiferromagnetism layer membrane and the electrode lead layer membrane is carried out one by one 
and A part of the ferromagnetic layer membrane of the above 1st by which the laminating was carried out at least, the 
non-magnetic layer film of the above 2nd, ferromagnetic layer membrane of the above 2nd, aforementioned 
antiferromagnetism layer membrane, and aforementioned electrode lead layer membrane are deleted. Before forming 
the laminating length bias layer and electrode lead layer of a right-and-left couple, respectively The direction of each 
magnetization of the aforementioned fixed magnetic layer which constitutes the ferromagnetic layer membrane of the 
above 1 st by which laminating membrane formation was carried out, the ferromagnetic layer membrane of the above 
2nd, and the aforementioned magnetoresistance-effect element The manufacture method of the thin film magnetic 
head according to claim 27 characterized by adding heat treatment to the aforementioned antiferromagnetism layer of 
the aforementioned antiferromagnetism layer membrane by which laminating membrane formation was carried out so 
that it might become in each predetermined direction, and the aforementioned magnetoresistance-effect element. 
[Claim 41] On the upper surface which the aforementioned free magnetic layer at the topmost part of the 
aforementioned electrode lead layer of a right-and-left couple and the aforementioned magnetoresistance-effect 
element or the aforementioned non-magnetic layer film exposed The aforementioned cap layer, the aforementioned 
electrode lead layer of a right-and-left couple which were formed after the cap layer was formed. Patterning of the 
laminating length bias layer and the aforementioned magnetoresistance-effect element of a right-and-left couple is 
carried out to a predetermined configuration, and they are shaved off. Before an up gap insulating layer is formed, the 
direction of each magnetization of the aforementioned fixed magnetic layer which constitutes the aforementioned 
ferromagnetic and the aforementioned magnetoresistance-effect element which constitute the aforementioned 
laminating length bias layer The manufacture method of the thin film magnetic head according to claim 28 characterized 
by adding heat treatment to the aforementioned antiferromagnetism layer of the aforementioned antiferromagnetism 
layer membrane which constitutes the aforementioned laminating length bias layer so that it may become in each 
predetermined direction, and the aforementioned magnetoresistance-effect element. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is applied to the equipment which performs high-density 
record and reproduction to magnetic-recording media, such as a magnetic disk unit (HDD equipment), gives the bias 
magnetic field especially stabilized in the free magnetic layer of a magnetoresistance-effect element, and relates to the 
high magnetoresistance-effect type thin film magnetic head and its manufacture method of a regeneration efficiency. 
[0002] 

[Description of the Prior Art] In recent years, in the record and reproduction to magnetic-recording media, such as a 
magnetic disk unit (HDD equipment), improvement in processing speed and the need for large-capacity-izing of storage 
capacity are increasing, and the measure for a raise in recording density is being strengthened. 
[0003] Hereafter, the conventional thin film magnetic head is explained using a drawing. 

[0004] Drawing 23 and drawing 24 are drawings showing the conventional thin film magnetic head, drawing 23 is a tropia 
schematic diagram and drawing 24 is the transverse-plane ****** type view of the thin film magnetic head. 
[0005] For example, the thin film magnetic head used for the record reproduction to the magnetic-recording medium of 
the signal in a magnetic disk unit has many which are called so-called MR (GMR) inductive combined head as shown in 
drawing 23 . 

[0006] In drawing 23 , the nonmagnetic insulating material of aluminum203, AIN, or Si02 grade is used on the lower 
shield layer 231 formed by soft magnetic materials, such as a permalloy. Co system amorphous magnetic film, or Fe 
system alloy magnetic film, the lower gap insulating layer 232 is formed, and it is a magnetoresistance-effect element 
(MR element or GMR element) to the upper surface further. Laminating membrane formation formation of the 233 
called GMR element is carried out hereafter, and the vertical bias layer 234 is formed by the right-and-left both-sides 
edge of the GMR element 233 with material, such as a CoPt alloy. The ridgeline which is a nodal line of the upper 
surface and the both-sides side of the GMR element 233 to make is touched, and the electrode lead layer 235 is 
formed using material, such as Cu, Cr, or Ta, so that membranes may be formed on the upper surface of the vertical 
bias layer 234. Here, as the electrode lead layer 235 starts the upper surface of the vertical bias layer 234, and the 
upp r surface of a part of GMR element 233. it may form the electrode lead layer 235. Next, the up gap insulating layer 
236 is formed on the portion which the electrode lead layer 235 and the GMR element 233 exposed using the same 
nonmagnetic insulating material as the lower gap insulating layer 232. Furthermore, on the up gap insulating layer 236, 
membrane formation formation of the up shield layer 237 is carried out using the same soft magnetic materials as the 
lower shield layer 231, and the magnetoresistance-effect type thin film magnetic-head section 238 for reproduction is 
constituted. 

[0007] Next, the record gap layer 241 is formed using the same nonmagnetic insulating material as the lower gap 
insulating layer 232 on the upper surface of the up shield layer 237. Furthermore, the up shield layer 237 is countered 
through the record gap layer 241. And membrane formation formation of the up magnetic pole 242 which is in contact 
with the up shield layer 237 is carried out using soft magnetic materials in other portions. Between the up shield layer 
237, the portion which the up magnetic pole 242 has countered, and the portion to which the up magnetic pole 242 is in 
contact with the up shield layer 237, through the record gap layer 241 The coil coil 243 insulated from the up shield 
layer 237 and the up magnetic pole 242 through the insulating material (not shown) is formed, and the induction- type 
thin film magnetic-head section 240 for record is constituted. Here, the up shield layer 237 has the function which 
combines the shield function of the magnetoresistance-effect type thin film magnetic-head section 238 for 
repr duction, and the lower magnetic pole function of the induction-type thin film magnetic— head section 240 for 
record 

[0008] As the transverse-plane ****** type view near [ in the reproducing-head section of the thin film magnetic head 
] the magnetoresistance-effect element is shown in drawing 24 On the lower gap insulating layer 232 formed by the 
upper surface of the lower shield layer 231 The antiferromagnetism layer 244, NiFe system alloy film which are material, 
such as a FeMn system alloy film and a PtMn system alloy film Laminating membrane formation of the cap layer 248 
mad from the nonmagnetic conductive layer 246 made from the fixed magnetic layer 245 made from Co, a CoFe alloy 
film, etc., Cu, etc., the fixed magnetic layer 245 and the free magnetic layer 247 made into the same material, Ta, etc. is 
carried out one by one. It is shaved off so that it may have the field where the right-and-left both-sides edge inclined 
at etching processes, such as ion milling, and the GMR element 233 is formed. The right-and-left both-sides end face 
of the GMR element 233 is touched, the vertical bias layer 234 of a right-and-left couple is formed, and the electrode 
lead layer 235 of a right-and-left couple is formed on it Furthermore, on them, the up gap insulating layer 236 is 
formed and the up shield layer 237 is further formed on it In order to reproduce the record signal of the short 
wavelength corresponding to a raise in recording density in recent years, the reproduction head gap length 249 is 
becoming still smaller. 

[0009] By supplying record current to the coil coil 243. a record magnetic field occurs in th up magnetic pole 242 and 
the up shield layer 237 of the induction-type thin film magnetic-head section 240 for record, magnetic leakage flux 
occurs between the up magnetic poles 242 and the up shield layers 237 which counter through the record gap layer 
241, and a record signal is recorded on a magnetic-recording medium. Moreover, the signal magnetic field from the 
magnetic-recording medium by which the signal was recorded is reproduced in the magnetoresistance-effect type thin 
film magnetic-head section 238 for reproduction, and the regenerative signal according to the resistance change by the 
GMR element 233 is detected from the terminal of the electrode lead layer 235. 
[0010] 
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[Problem(s) to be Solved by the Invention] However, in the reproducing-head section of the thin film magnetic head of 
the above-mentioned conventional composition, in order to reproduce the signal recorded on the magnetic-recording 
medium by short wavelength, it is necessary to make reproduction head gap length small. Reproduction head gap length 
The distance, i.e., the lower gap insulating layer, from the upper surface of a lower shield layer to the inferior surface of 
tongue of an up shield layer. Are the sum of each thickness of a GMR element and an up gap insulating layer, and the 
vertical bias layer of the right-and-left couple which making this distance small has in the both sides of a GMR element 
will approach a lower shield layer or an up shield layer. The bias magnetic field which the magnetic field of a vertical 
bias layer becomes easy to escape in a lower shield layer or an up shield layer, and requires it for the free magnetic 
layer of a GMR element became weaker, the direction of magnetization of a free magnetic layer became unstable, the 
noise increased and the technical problem that the stable regenerative signal was not obtained occurred. 
[001 1] this invention solves the above-mentioned technical problem, makes what was accurate and was stabilized the 
bias magnetic field which starts the free magnetic layer of a GMR element from a vertical bias layer, stabilizes the 
direction of magnetization of a free magnetic layer, suppresses generating of a Barkhausen noise, and aims at offering 
the good magnetoresistance-effect type thin film magnetic head and its manufacture method of reproducibility ability. 
[0012] 

[Means for Solving the Problem] In order to attain this purpose, the thin film magnetic head of this invention has the 
composition it was made to consist of a magnetoresistance-effect element which consists of an antiferromagnetism 
layer, a Fixed magnetic layer, a nonmagnetic conductive layer, and a free magnetic layer, and a laminating length bias 
layer of a right-and-left couple which consists of the nonmagnetic membrane, ferromagnetic, and antiferromagnetism 
film of a right-and-left couple on the free magnetic layer which constitutes a magnetoresistance-effect element 
respectively. Moreover, the thin film magnetic head of this invention has composition which has the thickness of the 
nonmagnetic membrane of the right-and-left couple which constitutes a laminating length bias layer from which the 
direction of magnetization of the free magnetic layer which constitutes the magnetoresistance-effect element of the 
portion which has countered the ferromagnetic of a right-and-left couple through the nonmagnetic membrane of a 
right-and-left couple turns into the direction and opposite direction of magnetization of a ferromagnetic of a 
right-and-left couple. 

[0013] By constituting the free magnetic layer which counters a ferromagnetic by this composition through the 
nonmagnetic membrane which has suitable thickness As compared with the case where the laminating of the direct 
antiferromagnetism material is carried out to a free magnetic layer, the direction of magnetization of a free magnetic 
layer (for example, the direction of X) is fixed more strongly, by one side The portion of the free magnetic layer 
between the free magnetic layers of the right and left which have countered the ferromagnetic of a right-and-left 
couple is also stabilized, and it becomes easy to turn to it in the direction of X. and there is little generating of a 
Barkhausen noise and it can obtain the reproducibility ability stabilized in high sensitivity. 

[0014] Moreover, the thin film magnetic head of this invention has the composition it was made to consist of a 
magnetoresistance-effect element which consists of an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic 
conductive layer, and a free magnetic layer, and a laminating length bias layer of a right-and-left couple which consists 
of the 1 st nonmagnetic membrane, 1 st ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and 
antiferromagnetism film of a right-and-left couple on the free magnetic layer which constitutes a 
magnetoresistance-effect element, respectively. Moreover, the thin film magnetic head of this invention has the 
thickness of the 1 st nonmagnetic membrane of a right-and-left couple from which the direction of magnetization of a 
free magnetic layer turns into the 1 st direction and opposite direction of magnetization of a ferromagnetic of a 
right-and-left couple. It has composition which has the thickness of the 2nd nonmagnetic membrane of a right-and-left 
couple from which the direction of magnetization of the 2nd ferromagnetic of a right-and-left couple turns into the 1 st 
magnetization direction and opposite direction of a ferromagnetic layer of a right-and-left couple. 
[0015] The free magnetic layer which counters the 1st ferromagnetic of a right-and-left couple by this composition 
through the 1 st nonmagnetic membrane of the right-and-left couple which has suitable thickness As compared with the 
case where the laminating of the direct antiferromagnetism material is carried out, a switched connection magnetic field 
with the 1 st ferromagnetic is very strong to a free magnetic layer. The direction of magnetization of the free magnetic 
layer of the portion which counters the 1 st ferromagnetic of a right-and-left couple becomes what was stabilized very 
much. The direction of magnetization of the free magnetic layer between the portions which have countered the 1 st 
ferromagnetic of a right-and-left couple also turns into the same direction. Furthermore, by making it counter with the 
1 st ferromagnetic and the 2nd ferromagnetic through the 2nd nonmagnetic membrane of thickness suitable as a 
laminating length bias layer The leakage magnetic field by end-^ace magnetic charge will be mutual-boiled, and will be 
negated mutually. It prevents the direction of the magnetization by the anti-magnetic field in the end face of a 
ferromagnetic inclining in the direction of Y, and it will gather to an edge, and to an external magnetic field, 
magnetization of a ferromagnetic also becomes the stable high sensitivity thing, and can obtain the outstanding 
reproducibility ability. 

[001 6] Moreover, the manufacture method of the thin film magnetic head of this invention Laminating membrane 
formation of an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and the free magnetic 
layer is carried out one by one on the upper surface of the lower gap insulating layer formed on the lower shield layer. 
On the 1 st process which forms a magnetoresistance-effect element, and the free magnetic layer at the topmost part 
of a magnetoresistance-effect element Carry out membrane formation formation of the nonmagnetic membrane of a 
right-and-left couple, carry out laminating membrane formation of the ferromagnetic of a right-and-left couple on it, 
and laminating membrane formation of the antiferromagnetism film of a right-and-left couple is further carried out on it. 
It has the 2nd process which forms the laminating length bias layer of a right-and-left couple which consists of a 
nonmagnetic membrane, a ferromagnetic, and an antiferromagnetism film, and the 3rd process which forms the 
electrode lead layer of a right-and-left couple on the antiferromagnetism film formed in the topmost part of a 
laminating length bias layer. Moreover, the manufacture method of the thin film magnetic head of this invention has the 
2nd process which carries out laminating membrane formation of the nonmagnetic membrane of a right-and-left couple, 
the ferromagnetic of a right-and-left couple, and the antiferromagnetism film of a right-and-left couple, and forms the 
laminating length bias layer of a right-and-left couple on a free magnetic layer, after cleaning the free magnetic layer 
formed in the topmost part of a magnetoresistance-effect element. Moreover, the manufacture method of the thin film 
magnetic head of this invention Laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, 
a nonmagnetic conductive layer, and the free magnetic layer is carried out one by one on the upper surface of the 
lower gap insulating layer formed on the lower shield layer The 1 st process which forms a magnetoresistance-effect 
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element and forms a cap layer on it further. Laminating membrane formation of the nonmagnetic membrane, 
ferromagnetic, and antiferromagnetism film of a right-and-left couple is carried out one by one, respectively on the free 
magnetic layer which formed the resist, deleted a part of cap layer on a magnetoresistance-effect element, was made 
to expose a free magnetic layer, and was exposed. It has the 2nd process which forms the laminating length bias layer 
of a right-and-left couple which consists of a nonmagnetic membrane, a ferromagnetic, and an antiferromagnetism film, 
and the 3rd process which forms the electrode lead layer of a right-and-left couple on the antiferromagnetism film 
formed in the topmost part of a laminating length bias layer. 

[001 7] The free magnetic layer which considered as the composition used as the laminating length bias layer as a 
vertical bias layer which gives the direction of magnetization to a free magnetic layer, and countered the ferromagnetic 
through the nonmagnetic membrane of a right-and-left couple by this method In the portion which has countered, as 
compared with the case where the free magnetic layer is in contact with the direct antiferromagnetism film, a switch d 
connection magnetic field with a very strong ferromagnetic is acquired, it is stabilized and the direction of 
magnetization of a free magnetic layer is held, by one side The portion of the free magnetic layer between the free 
magnetic layers of the right and left which have countered the ferromagnetic of a right-and-left couple It becomes 
easy to be suitable in the same direction as the portion of the free magnetic layer of the right and left which were 
stabilized and have countered the ferromagnetic of a right-and-left couple, and there is little generating of a 
Barkhausen noise and it can produce the magnetoresistance-effect type thin film magnetic head for reproduction which 
has the stable high sensitivity reproducibility ability. 

[0018] Moreover, the manufacture method of the thin film magnetic head of this invention Laminating membrane 
formation of an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and the free magnetic 
layer is carried out one by one on the upper surface of the lower gap insulating layer formed on the lower shield layer. 
On the 1 st process which forms a magnetoresistance-effect element, and the free magnetic layer formed in the 
topmost part of a magnetoresistance-effect element Laminating membrane formation of the 1 st nonmagnetic 
membrane, 1 st ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and antiferromagnetism film of a 
right-and-left couple is carried out one by one, respectively. It has the 2nd process which forms the laminating length 
bias layer of a right-and-feft couple, and the 3rd process which forms the electrode lead layer of a right-and-left 
couple on the antiferromagnetism film formed in the topmost part of a laminating length bias layer. 
[0019] The free magnetic layer which considered as the composition used as the laminating length bias layer as a 
vertical bias layer which gives the direction of magnetization to a free magnetic layer, and countered the ferromagnetic 
through the nonmagnetic membrane of a right-and-left couple by this method In the portion which has countered, as 
compared with the case where the free magnetic layer is in contact with the direct antiferromagnetism film, a switched 
connection magnetic field with a very strong ferromagnetic is acquired, it is stabilized and the direction of 
magnetization of a free magnetic layer is held, by one side The portion of the free magnetic layer between the free 
magnetic layers of the right and left which have countered the ferromagnetic of a right-and-left couple Become easy 
to be suitable in the same direction as the portion of the free magnetic layer of the right and left which were stabilized 
and have countered the ferromagnetic of a right-and-left couple. Furthermore, the leakage magnetic field by the 
end-face magnetic charge of the ferromagnetic of a laminating length bias layer will be mutually negated by the 1 st 
ferromagnetic and 2nd ferromagnetic. And it prevents the direction of the magnetization by the anti-magnetic field in 
the end face of a ferromagnetic inclining in the direction of Y. Magnetization of a ferromagnetic will also gather to an 
edge, becomes that by which the direction of magnetization of a free magnetic layer was stabilized more," and can 
produce the magnetoresistance-effect type thin film magnetic head for reproduction which has the reproducibility 
ability stabilized further. 
[0020] 

[Embodiments of the Invention] The vertical bias layer which invention of this invention according to claim 1 has a 
magnetoresistance-effect element through an insulating material between a lower shield layer and an up shield layer, 
and was prepared in contact with the magnetoresistance-effect element. In the magnetoresistance-effect type thin film 
magnetic head which consists of an electrode lead layer for passing the signal current The magnetoresistance-effect 
el ment which consists of an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and a 
free magnetic layer, On the free magnetic layer which constitutes a magnetoresistance-effect element, respectively 
Th nonmagnetic membrane of a right-andHeft couple. It is characterized by consisting of laminating length bias layers 
of a right-and-left couple which consist of a ferromagnetic and an antiferromagnetism film, moreover, invention of this 
invention according to claim 2 The direction of magnetization of the free magnetic layer which constitutes the 
magnetoresistance-effect element of the portion which has countered the ferromagnetic of a right-and-left couple 
through th nonmagnetic membrane of a right-and-left couple It is characterized by having the thickness of the 
nonmagnetic membrane of the right-and-left couple which constitutes a laminating length bias layer which becomes the 
direction and opposite direction of magnetization of a ferromagnetic of a rigjht-andHeft couple. It is characterized by 
the range whose thickness of the nonmagnetic membrane of a right-and-left couple is 0.4-3nm having invention of this 
invention according to claim 3. moreover, moreover, invention of this invention according to claim 7 It is characterized 
by having the cap layer which is between the laminating length bias layers of a right-and-left couple, and touched the 
upper surface of a magnetoresistance-effect element, moreover, invention of this invention according to claim 8 It is 
characterized by consisting of laminating fixed magnetic layers to which the fixed magnetic layer which constitutes a 
magnetoresistance-effect element carried out the laminating of the two fixed magnetic layer films which counter 
through a non-magnetic layer film. Moreover, invention of this invention according to claim 9 is set to a laminating fixed 
magnetic layer. It is characterized by having the thickness of a non-magnetic layer film which becomes each other in 
the reverse direction about the direction of magnetization of the fixed magnetic layer film which countered through the 
non-magnetic layer film. Moreover, the free magnetic layer which constitutes a magnetoresistance-effect element 
invention of this invention according to claim 11 It is characterized by constituting the material of the adjacent free 
magnetic layer film from a laminating free magnetic layer by which two or more layer laminating was carried out by soft 
magnetic materials of a different kind, as a vertical bias layer The laminating of a ferromagnetic and the 
antiferromagnetism film is carried out. by the switched connection magnetic field with an antiferromagnetism film By 
constituting the free magnetic layer which counters a ferromagnetic through the nonmagnetic membrane which the 
direction of magnetization of a ferromagnetic is arranged in the fixed direction (for example, the direction of -X), and 
has suitable thickness As compared with the case where the laminating of the direct antiferromagnetism material is 
carried out to a free magnetic layer, the direction of magnetization of a free magnetic layer (for example, the direction 
of X) is fixed more strongly, by one side The portion of the free magnetic layer which constitutes the GMR element 
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between the free magnetic layers of the right and left which have countered the ferromagnetic of a right-and-left 
couple It is stabilized, becomes easy to be suitable in the direction of X, and will become very stable, and there is little 
generating of a Barkhausen noise and it has the operation that the reproducibility ability stabilized in high sensitivity 
can be obtained. 

[0021] Moreover, the magnetoresistance-effect element which invention of this invention according to claim 4 becomes 
from an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and a free magnetic layer. On 
the free magnetic layer which constitutes a ma gnetoresi stance-effect element, respectively The 1 st nonmagnetic 
membrane of a right-and-left couple. It is characterized by consisting of laminating length bias layers of a 
right-and-left couple which consist of the 1 st ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and 
antiferromagnetism film. Invention of this invention according to claim 5 moreover, the direction of magnetization of a 
free magnetic layer It has the thickness of the 1 st nonmagnetic membrane of a right-and-left couple which becomes 
the 1st direction and opposite direction of magnetization of a ferromagnetic of a right-and-left couple. It is 
characterized by having the thickness of the 2nd nonmagnetic membrane of a right-and-left couple from which the 
direction of magnetization of the 2nd ferromagnetic of a right-and-left couple turns into the 1 st magnetization direction 
and opposite direction of a ferromagnetic layer of a right-and-left couple. Invention of this invention according to claim 
6 moreover, the thickness of the 1 st nonmagnetic membrane of a right-and-left couple It is characterized by being in 
the range of 0.4-3nm, and being in the range whose thickness of the 2nd nonmagnetic membrane of a right-and-left 
couple is 0.4-3nm. by the switched connection magnetic field between the 2nd ferromagnetic and an 
antiferromagnetism film The direction of magnetization of the 1st ferromagnetic which counters the 2nd ferromagnetic 
of a right-and-left couple through the 2nd nonmagnetic membrane of the right-and-left couple which the direction of 
magnetization of the 2nd ferromagnetic is arranged in the fixed direction, and has suitable thickness is arranged with 
the 2nd direction and opposite direction of magnetization of a ferromagnetic, again The free magnetic layer which 
counters the 1 st ferromagnetic of a right-and-left couple through the 1 st nonmagnetic membrane of the right-and-left 
couple which has suitable thickness A switched connection magnetic field with the 1 st ferromagnetic is very strong, 
and it turns [ direction / of magnetization of the free magnetic layer of the portion which counters the 1 st 
ferromagnetic of a right-and-left couple ] to the 1 st direction and opposite direction of magnetization of a 
ferromagnetic. Become what was stabilized very much and the direction of magnetization of the free magnetic layer 
between the portions which have countered the 1 st ferromagnetic of a right-and-left couple also turns into the same 
direction. Furthermore, by making it counter with the 1 st ferromagnetic and the 2nd ferromagnetic through the 2nd 
nonmagnetic membrane as a laminating length bias layer The leakage magnetic field by end-face magnetic charge will 
be mutual-boiled, and will be negated mutually. It prevents the direction of the magnetization by the anti-magnetic field 
in the end face of a ferromagnetic inclining in the direction of Y, and it will gather to an edge, and to an external 
magnetic field, magnetization of a ferromagnetic also becomes the stable high sensitivity thing, and can obtain the 
outstanding reproducibility ability. 

[0022] Moreover, invention of this invention according to claim 1 2 carries out laminating membrane formation of an 
antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and the free magnetic layer one by 
one on the upper surface of the lower gap insulating layer formed on the lower shield layer. On the 1 st process which 
forms a magnetoresistance-effect element, and the free magnetic layer at the topmost part of a 
magnetoresistance-effect element Carry out membrane formation formation of the nonmagnetic membrane of a 
right-and-left couple, carry out laminating membrane formation of the ferromagnetic of a right-and-left couple on it, 
and laminating membrane formation of the antiferromagnetism film of a right-and-left couple is further carried out on it. 
The 2nd process which forms the laminating length bias layer of a right-and-left couple which consists of a 
nonmagnetic membrane, a ferromagnetic, and an antiferromagnetism film. It is characterized by having the 3rd process 
which forms the electrode lead layer of a right-and-left couple on the antiferromagnetism film formed in the topmost 
part of a laminating length bias layer. Moreover, invention of this invention according to claim 1 3 is set at the 2nd 
process of a claim 1 2. After cleaning the free magnetic layer formed in the topmost part of a magnetoresistance-effect 
el ment, laminating membrane formation of the nonmagnetic membrane of a right-and-left couple, the ferromagnetic of 
a right-and-left couple, and the antiferromagnetism film of a right-and-left couple is carried out on a free magnetic 
layer. It is characterized by having the 2nd process which forms the laminating length bias layer of a right-and-left 
couple, moreover, invention of this invention according to claim 1 4 So that the free magnetic layer top formed in the 
topmost part of a magnetoresistance-effect element may be covered in the 2nd process of a claim 12 So that a part of 
fr e magnetic layer formed in a part of nonmagnetic membrane or the topmost part of a magnetoresistance-effect 

I ment may be exposed, after carrying out laminating membrane formation of a non-magnetic layer film, a 
ferromagnetic layer membrane, and the antiferromagnetism layer membrane one by one By deleting a part of 
ferromagnetic layer membrane by which laminating membrane formation was carried out at least, and 
antiferromagnetism layer membrane, and forming the nonmagnetic membrane, ferromagnetic, and antiferromagnetism 
film of a right-and-left couple on a free magnetic layer, respectively It is characterized by having the 2nd process 
which forms the laminating length bias layer of a right-and-left couple, moreover, invention of this invention according 
to claim 15 After forming a nonmagnetic membrane so that the free magnetic layer top formed in the topmost part of a 
magnetoresistance-effect element may be covered in the 2nd process of a claim 1 2, laminating membrane formation 
formation of the ferromagnetic and antiferromagnetism film of a right-and-left couple is carried out one by one on it, 
respectively. It is characterized by having the 2nd process which forms the vertical bias layer of a right-and-left couple 
which consists of a nonmagnetic membrane, a ferromagnetic of a right-and-left couple, and an antiferromagnetism film 
of a right-and-left couple. Moreover, invention of this invention according to claim 20 forms an electrode lead layer 
membrane so that the upper surface which the antiferromagnetism film of the right-and-left couple formed in the 
topmost part of a laminating length bias layer and the magnetoresistance-effect element exposed may be worn. A part 
of el ctrode lead layer membrane is deleted so that a part of magnetoresistance-effect element may be exposed. It is 
characterized by having the 3rd process which forms the electrod lead layer of a right-and-left couple, moreover, 
invention of this invention according to claim 2 1 After forming an electrode lead layer membrane so that the upper 
surface which the nonmagnetic membrane formed by the antiferromagnetism film and the bottom of a right-and-left 
couple which were formed in the topmost part of a laminating length bias layer exposed may be worn, so that a part of 
nonmagnetic membrane or magnetoresistance-effect element may be exposed A part of electrode lead layer membrane 
is deleted, and it is characterized by having the 3rd process which forms the electrode lead layer of a right-and-left 
couple, moreover, invention of this invention according to claim 23 On [ some ] the upper surface which the 
antiferromagnetism film of the right-and-left couple which formed the resist and was formed in the topmost part of a 
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laminating length bias layer in the 3rd process of a claim 12, and the magnetoresistance-effect element exposed It is 
characterized by having the 3rd process which forms the electrode lead layer of a right-and-left couple, moreover, 
invention of this invention according to claim 24 On [ some ] the upper surface which the nonmagnetic membrane 
formed by the antiferromagnetism film and the bottom of a right-and-left couple which formed the resist and were 
formed in the topmost part of a laminating length bias layer exposed It is characterized by having the 3rd process which 
forms the electrode lead layer of a right-and-left couple, moreover, invention of this invention according to claim 26 
The 2nd process which carries out laminating membrane formation of a non-magnetic layer Film, a ferromagnetic layer 
membrane, and the antiferromagnetism layer membrane one by one so that the free magnetic layer top formed in the 
topmost part of a magnetoresistance-effect element may be covered in the 2nd process of a claim 1 2, and the 3rd 
process. Furthermore, so that a part of free magnetic layer formed in some non-magnetic layer films or the topmost 
part of a magnetoresistance-effect element may be exposed, after forming an electrode lead layer membrane so that 
an antiferromagnetism layer membrane may be covered on it A part of ferromagnetic layer membrane by which 
laminating membrane formation was carried out at least, antiferromagnetism layer membrane, and electrode lead layer 
membrane are deleted. The nonmagnetic membrane, the ferromagnetic, antiferromagnetism film, and electrode lead 
layer of a right-and-left couple are formed on the aforementioned free magnetic layer, respectively. It is characterized 
by having the 3rd process which forms the laminating length bias layer of a right-and-left couple which consists of the 
nonmagnetic membrane, ferromagnetic, and antiferromagnetism film of a right-and-left couple, respectively, and the 
electrode lead layer of a right-and-left couple. Invention of this invention according to claim 28 on moreover, the upper 
surface which the free magnetic layer at the topmost part of the electrode lead layer of a right-and-left couple and a 
magnetoresistance-effect element or the non-magnetic layer film exposed It is characterized by having the 4th 
process which forms the cap layer of the sake on antioxidizing and an anti-corrosion disposition, moreover, invention of 
this invention according to claim 29 An antiferromagnetism layer is formed on the upper surface of the lower gap 
insulating layer formed on the lower shield layer. Furthermore, on it, form the laminating fixed magnetic layer which 
consists of the 1 st fixed magnetic layer film, a non-magnetic layer film, and the 2nd fixed magnetic layer film, and 
laminating membrane formation of a nonmagnetic conductive layer and the free magnetic layer is carried out one by 
one at a it top. the lower gap insulating-layer [ which is characterized by having the 1 st process which forms a 
magnetoresistance-effect element ] top by which invention of this invention according to claim 30 was formed on the 
lower shield layer — an antiferromagnetism layer and a fixed magnetic layer — and current is nonmagnetic-conducted 
Carry out laminating membrane formation of the layer one by one, and the 1 st free magnetic layer film, the 2nd free 

magnetic layer film the laminating free magnetic layer that carried out laminating membrane formation of the n-th 

free magnetic layer film (n is two or more positive integers) are further formed on it using soft magnetic materials of a 
different kind. It is characterized by having the 1 st process which forms a magnetoresistance-effect element 
moreover, invention of this invention according to claim 31 Laminating membrane formation of an antiferromagnetism 
layer, a fixed magnetic layer, a nonmagnetic conductive layer, and the free magnetic layer is carried out one by one on 
the upper surface of the lower gap insulating layer formed on the lower shield layer. The 1 st process which forms a 
magnetoresistance-effect element and forms a cap layer on it further. Laminating membrane formation of the 
nonmagnetic membrane, ferromagnetic, and antiferromagnetism film of a right-and-left couple is carried out one by one, 
respectively on the free magnetic layer which formed the resist, deleted a part of cap layer on a 
magnetoresistance-effect element, was made to expose a free magnetic layer, and was exposed. The 2nd process 
which forms the laminating length bias layer of a right-and-left couple which consists of a nonmagnetic membrane, a 
ferromagnetic, and an antiferromagnetism film. It is characterized by having the 3rd process which forms the electrode 
lead layer of a right-and-left couple on the antiferromagnetism film formed in the topmost part of a laminating length 
bias layer. Moreover, invention of this invention according to claim 35 is set at the 3rd process of a claim 31. So that an 
electrode lead layer membrane may be formed so that the upper surface which the antiferromagnetism film of the 
right-and-left couple formed in the topmost part of a laminating length bias layer and the cap layer exposed may be 
worn, and a part of cap layer may be exposed A part of electrode lead layer membrane is deleted, and it is 
characterized by having the 3rd process which forms the electrode lead layer of a right-and-left couple, moreover, 
invention of this invention according to claim 36 A resist is formed on [ some ] the upper surface which the 
antiferromagnetism film of the right-and-left couple formed in the topmost part of a laminating length bias layer and the 
cap layer exposed in the 3rd process of a claim 31. It is characterized by having the 3rd process which forms the 
electrode lead layer of a right-and-left couple, and the laminating of a ferromagnetic and the antiferromagnetism film is 
carried out as a vertical bias layer, by the switched connection magnetic field with an antiferromagnetism film By 
constituting the free magnetic layer which counters a ferromagnetic through the nonmagnetic membrane which the 
direction of magnetization of a ferromagnetic is arranged in the fixed direction (for example, the direction of -X), and 
has suitable thickness As compared with the case where the laminating of the direct antiferromagnetism material is 
carried out to a free magnetic layer, the direction of magnetization of a free magnetic layer (for example, the directi n 
of X) is fixed more strongly, by one side The portion of the free magnetic layer which constitutes the GMR element 
between the free magnetic layers of the right and left which have countered the ferromagnetic of a right-and-left 
couple It is stabilized, becomes easy to be suitable in the direction of X, and will become very stable, and there is little 
generating of a Barkhausen noise and it has the operation that the thin film magnetic head aiming at realization of the 
reproducibility ability stabilized in high sensitivity is producible. 

[0023] Moreover, invention of this invention according to claim 1 6 carries out laminating membrane formation of ah 
antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and the free magnetic layer one by 
one on the upper surface of the lower gap insulating layer formed on the lower shield layer. On the 1st process which 
forms a magnetoresistance-effect element, and the free magnetic layer formed in the topmost part of a 
magnetoresistance-effect element Laminating membrane formation of the 1 st nonmagnetic membrane, 1 st 
ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and antiferromagnetism film of a right-and-left couple is 
carried out one by one, respectively. On the antiferromagnetism film formed in the 2nd process which forms the 
laminating length bias layer of a right-and-left couple, and the topmost part of a laminating length bias layer It is 
characterized by having the 3rd process which forms the electrode lead layer of a right-and-left couple, moreover, 
invention of this invention according to claim 1 7 After cleaning the free magnetic layer formed in the topmost part of a 
magnetoresistance-effect element in the 2nd process of a claim 1 6, On a free magnetic layer, laminating membrane 
formation of the 1 st nonmagnetic membrane, 1 st ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and 
antiferromagnetism film of a right-and-left couple is carried out one by one, respectively. It is characterized by having 
the 2nd process which forms the laminating length bias layer of a right-and-left couple, moreover, invention of this 
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invention according to claim 1 8 So that the free magnetic layer top formed in the topmost part of a 
magnetoresistance-effect element may be covered in the 2nd process of a claim 1 6 After carrying out laminating 
membrane formation of the 1 st non-magnetic layer film, the 1 st ferromagnetic layer membrane, the 2nd non-magnetic 
layer film, the 2nd ferromagnetic layer membrane, and the antiferromagnetism layer membrane one by one. So that a 
part of free magnetic layer formed in a part of 1 st non-magnetic layer film or the topmost part of a 
magnetoresistance-effect element may be exposed A part of the 1 st ferromagnetic layer membrane by which 
laminating membrane formation was carried out at least, 2nd non-magnetic layer film, 2nd ferromagnetic layer 
membrane, and antiferromagnetism layer membrane are deleted. By forming the 1st nonmagnetic membrane, 1st 
ferromagnetic. 2nd nonmagnetic membrane, 2nd ferromagnetic, and antiferromagnetism film of a right-and-left couple 
on a free magnetic layer, respectively It is characterized by having the 2nd process which forms the laminating length 
bias layer of a right-and-left couple, moreover, invention of this invention according to claim 1 9 After forming the 1 st 
nonmagnetic membrane so that the free magnetic layer top formed in the topmost part of a magnetoresistance-effect 
element may be covered in the 2nd process of a claim 1 6, Laminating membrane formation formation of the 1 st 
ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and antiferromagnetism film of a right-and-left couple is 
carried out one by one on it, respectively. It is characterized by having the 2nd process which forms the vertical bias 
layer of a right-and-left couple which consists of the 1 st nonmagnetic membrane, the 1 st ferromagnetic of a 
right-and-left couple, the 2nd nonmagnetic membrane, the 2nd ferromagnetic, and an antiferromagnetism film of a 
right-and-left couple. Moreover, after forming an electrode lead layer membrane so that invention of this invention 
according to claim 22 may wear the upper surface which the 1 st nonmagnetic membrane formed by the 
antiferromagnetism film and the bottom of a right-and-left couple which were formed in the topmost part of a 
laminating length bias layer exposed, A part of aforementioned electrode lead layer membrane is deleted so that a part 
of 1 st nonmagnetic membrane or magnetoresistance-effect element may be exposed. It is characterized by having the 
3rd process which forms the electrode lead layer of a right-and-left couple, moreover, invention of this invention 
according to claim 25 On [ some ] the upper surface which the 1st nonmagnetic membrane formed by the 
antiferromagnetism film and the bottom of a right-and-left couple which formed the resist and were formed in the 
t pmost part of a laminating length bias layer exposed It is characterized by having the 3rd process which forms the 
electrode lead layer of a right-and-left couple, moreover, invention of this invention according to claim 27 So that the 
free magnetic layer top formed in the topmost part of a magnetoresistance-effect element may be covered in the 2nd 
process of a claim 1 6, and the 3rd process The 1 st non-magnetic layer film. The 2nd process which carries out 
laminating membrane formation of the 1 st ferromagnetic layer membrane, the 2nd non-magnetic layer film, the 2nd 
ferromagnetic layer membrane, and the antiferromagnetism layer membrane one by one. Furthermore, so that a part of 
free magnetic layer formed in a part of 1 st non-magnetic layer film or the topmost part of a magnetoresistance-effect 
element may be exposed, after forming an electrode lead layer membrane so that an antiferromagnetism layer 
m mbrane may be covered on it A part of the 1 st ferromagnetic layer membrane by which laminating membrane 
formation was carried out at least, the 2nd non-magnetic layer film, 2nd ferromagnetic layer membrane, 
antiferromagnetism layer membrane, and electrode lead layer membrane are deleted. On a free magnetic layer, 
respectively The 1 st nonmagnetic membrane of a right-and-left couple, the 1 st ferromagnetic. The 2nd nonmagnetic 
membrane, 2nd ferromagnetic, antiferromagnetism film, and electrode lead layer are formed. Respectively The 1 st 
nonmagnetic membrane of a right-and-left couple, the 1 st ferromagnetic, the 2nd nonmagnetic membrane. It is 
characterized by having the 3rd process which forms the laminating length bias layer of a right-and-left couple which 
consists of the 2nd ferromagnetic and antiferromagnetism film, and the electrode lead layer of a right-and-left couple. 
Moreover, invention of this invention according to claim 32 is set at the 2nd process of a claim 31. Delete a part of cap 
layer which formed the resist and was formed on the magnetoresistance-effect element, and a free magnetic layer is 
exposed. On the exposed free magnetic layer, laminating membrane formation of the 1st nonmagnetic membrane, 1st 
ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and anbferromagnetism film of a right-and-left coupl is 
carried out one by one, respectively. It is characterized by having the 3rd process which forms the laminating length 
bias layer of a right-and-left couple, by the switched connection magnetic field between the 2nd ferromagnetic and an 
antiferromagnetism film The direction of magnetization of the 1st ferromagnetic which counters the 2nd ferromagnetic 
of a right-and-left couple through the 2nd nonmagnetic membrane of the right-andHeft couple which the direction of 
magnetization of the 2nd ferromagnetic is arranged in the fixed direction, and has suitable thickness is arranged with 
the 2nd direction and opposite direction of magnetization of a ferromagnetic, again The free magnetic layer which 
counters the 1st ferromagnetic of a right-and-left couple through the 1st nonmagnetic membrane of the right-and-left 
couple which has suitable thickness A switched connection magnetic field with the 1st ferromagnetic is very strong, 
and it turns [ direction / of magnetization of the free magnetic layer of the portion which counters the 1 st 
ferromagnetic of a right-and-left couple ] to the 1 st direction and opposite direction of magnetization of a 
ferromagnetic. Become what was stabilized very much and the direction of magnetization of the free magnetic layer 
between the portions which have countered the 1 st ferromagnetic of a right-and-left couple also turns into the same 
dir ction. Furthermore, by making it counter with the 1 st ferromagnetic and the 2nd ferromagnetic through the 2nd 
nonmagnetic membrane as a laminating length bias layer The leakage magnetic field by end-face magnetic charge will 
be mutual-boiled, and will be negated mutually. It prevents the direction of the magnetization by the anti-magnetic field 
in th end face of a ferromagnetic inclining in the direction of Y. Magnetization of a ferromagnetic will also gather to an 
edge, and has the operation that the thin film magnetic head which aimed at high sensitivity realization of the 
reproducibility ability which became the stable thing and was excellent is producible to an external magnetic field. 
[0024] Moreover, invention of this invention according to claim 37 so that the upper surface of the free magnetic layer 
at the topmost part of a magnetoresistance-effect element may be worn After laminating membrane formation of a 
non-magnetic layer film, a ferromagnetic layer membrane, and the antiferromagnetism layer membrane is carried out 
one by one, and so that some non-magnetic layer films or a part of free magnetic layer may be exposed A part of 
ferromagnetic layer membrane by which the laminating was carried out at least, and antiferromagnetism layer 
m mbrane are deleted. Before forming the laminating length bias layer of a right-and-left couple, the direction of each 
magnetization of the fixed magnetic layer which constitutes the ferromagnetic layer membrane and 
magnetoresistance-effect element by which laminating membrane formation was carried out It is characterized by 
adding heat treatment to the antiferromagnetism layer of the antiferromagnetism layer membrane by which laminating 
membrane formation was carried out so that it might become in each predetermined direction, and a 
magnetoresistance-effect element Moreover, invention of this invention according to claim 38 so that the upper 
surface of the free magnetic layer at the topmost part of a magnetoresistance-effect element may be worn After 
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laminating membrane formation of the 1 st non-magnetic layer film, the 1 st ferromagnetic layer membrane, the 2nd 
non-magnetic layer film, the 2nd ferromagnetic layer membrane, and the antiferromagnetism layer membrane is carried 
out one by one, and so that a part of 1 st non-magnetic layer film or a part of free magnetic layer may be exposed A 
part of the 1 st ferromagnetic layer membrane by which the laminating was carried out at least, 2nd non-magnetic layer 
film, 2nd ferromagnetic layer membrane, and antiferromagnetism layer membrane are deleted. The 1st ferromagnetic 
layer membrane by which laminating membrane formation was carried out before forming the laminating length bias 
layer of a right-and-left couple. The direction of each magnetization of the fixed magnetic layer which constitutes the 
2nd ferromagnetic layer membrane and magnetoresistance-effect element It is characterized by adding heat treatment 
to the antiferromagnetism layer of the antiferromagnetism layer membrane by which laminating membrane formation 
was carried out so that it might become in each predetermined direction, and a magnetoresistance-effect element 
Moreover, invention of this invention according to claim 39 so that the upper surface of the free magnetic layer at the 
topmost part of a magnetoresistance-effect element may be worn After laminating membrane formation of a 
non-magnetic layer film, a ferromagnetic layer membrane, an antiferromagnetism layer membrane, and the electrode 
lead layer membrane is carried out one by one, and so that some non-magnetic layer films or a part of free magnetic 
layer may be exposed A part of ferromagnetic layer membrane by which the laminating was carried out at least, 
antiferromagnetism layer membrane, and electrode lead layer membrane are deleted. Before forming the laminating 
length bias layer and electrode lead layer of a right-and-left couple, respectively The direction of each magnetization of 
the fixed magnetic layer which constitutes the ferromagnetic layer membrane and magnetoresistance-effect element 
by which laminating membrane formation was carried out It is characterized by adding heat treatment to the 
aforementioned antiferromagnetism layer of the antiferromagnetism layer membrane by which laminating membrane 
formation was carried out so that it might become in each predetermined direction, and a magnetoresistance-effect 
element. Moreover, invention of this invention according to claim 40 so that the upper surface of the free magnetic 
layer at the topmost part of a magnetoresistance-effect element may be worn After laminating membrane formation of 
the 1 st non-magnetic layer film, the 1 st ferromagnetic layer membrane, the 2nd non-magnetic layer film, the 2nd 
ferromagnetic layer membrane, an antiferromagnetism layer membrane, and the electrode lead layer membrane is 
carried out one by one, and so that a part of 1 st non-magnetic layer film or a part of free magnetic layer may be 
exposed A part of the 1 st ferromagnetic layer membrane by which the laminating was carried out at least, the 2nd 
non-magnetic layer film, 2nd ferromagnetic layer membrane, antiferromagnetism layer membrane, and electrode lead 
layer membrane are deleted. Before forming the laminating length bias layer and electrode lead layer of a right-and-left 
couple, respectively The direction of each magnetization of the fixed magnetic layer which constitutes the 1 st 
ferromagnetic layer membrane, the 2nd ferromagnetic layer membrane, and magnetoresistance-effect element by which 
laminating membrane formation was carried out It is characterized by adding heat treatment to the antiferromagnetism 
layer of the antiferromagnetism layer membrane by which laminating membrane formation was carried out so that it 
might become in each predetermined direction, and a magnetoresistance-effect element. Invention of this invention 
according to claim 4t on moreover, the upper surface which the free magnetic layer at the topmost part of the 
electrode lead layer of a right-and-left couple and a magnetoresistance-effect element or the non-magnetic layer film 
exposed The cap layer, the electrode lead layer of a right-and-left couple which were formed after the cap layer was 
formed. Patterning of the laminating length bias layer and magnetoresistance-effect element of a right-and-left couple 
is carried out to a predetermined configuration, and they are shaved off Before an up gap insulating layer is formed, the 
direction of each magnetization of the fixed magnetic layer which constitutes the ferromagnetic and 
magnetoresistance-effect element which constitute a laminating length bias layer It is characterized by adding heat 
treatment to the antiferromagnetism layer of the antiferromagnetism layer membrane which constitutes a laminating 
length bias layer so that it may become in each predetermined direction, and a magnetoresistance-effect element 
Each heat treatment for setting up so that the direction of each magnetization of the free magnetic layer combined by 
th ferromagnetic of the fixed magnetic layer which constitutes a magnetoresistance-effect element, and a laminating 
length bias layer, and the strong switched connection magnetic field may become in the predetermined direction can 
carry out continuously efficiently, again The magnetization in the end face of the ferromagnetic of the laminating length 
bias layer formed in the predetermined configuration will also gather in the same direction in line by methods, such as 

tching or patterning. It has the operation of the ability to make it join together by the free magnetic layer which 
countered through the nonmagnetic membrane, and the stable switched connection magnetic field. 
[0025] Hereafter, the gestalt of operation of this invention is explained using a drawing. 

[0026] (Gestalt 1 of operation) Drawing 1 is the explanation schematic diagram showing the gestalt 1 of operation of 
this invention, and is drawing in which it was typically shown near [ which was seen from the head sliding-surface side 
which counters a magnetic-recording medium ] the magnetoresistance-effect element 

[0027] In drawing 1 (a) A permalloy. Soft magnetic materials, such as Co system amorphous magnetic film or Fe system 
particle magnetic film, on the lower gap insulating layer (not shown) using the nonmagnetic insulating material of 
aluminum203 formed on lower shield layer (not shown) made from, AIN, or Si02 grade IrMn, The antiferromagnetism 
layer 1. NiFe system alloy film which are material, such as alphaFe 203, a FeMn system alloy film, and a PtMn system 
alloy film The magnetoresistance-effect element 5 (MR element or GMR element) which consisted of the nonmagnetic 
conductive layer 3 and the fixed magnetic layer 2 made from the fixed magnetic layer 2 made from Co. a CoFe alloy 
film, etc., Cu, etc., and a free magnetic layer 4 made from the same ferromagnetic material a following and GMR 
element — saying — it is constituted On furthermore, the upper surface of the free magnetic layer 4 which constitutes 
the GMR element 5 Antiferromagnetism material using the same material as the antiferromagnetism layer 1 which 
constitutes the nonmagnetic membrane 6 using non-magnetic materials, such as Ru of a right-and-left couple, the 
ferromagnetic 7 using the same material as the free magnetic layer 4 which constitutes the GMR element 5 on it, and 
th GMR element 5, respectively (depending on the case) the direction which does not use metal oxide — being good 
— the laminating length bias layer 9 of a right-and-left couple which consists of a used antiferromagnetism film 8 is 
constituted The direction of magnetization of a ferromagnetic 7 is arranged in the fixed direction, and is maintained at 
the state where it was stabilized by the switched connection magnetic field with the antiferromagnetism film 8. 
Therefore, the direction of magnetization of the free magnetic layer 4 which counters a ferromagnetic 7 through a 
nonmagnetic membrane 6 will maintain the state where it was stabilized very much in the same direction or the reverse 
direction corresponding to the thickness of the intervening nonmagnetic membrane 6. Furthermore, the electrode lead 
layer 1 0 of a right-and-left couple using material, such as Cu, Cr, or Ta, is like the conventional example on them. 
Although not moreover illustrated, an up gap insulating layer is formed using the same insulating material as a lower gap 
insulating layer so that the whole may be covered. Furthermore, an up shield layer is formed on it using the same soft 
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magnetic materials as a lower shield layer, and the magnetoresi stance-effect type thin film magnetic head for the 
reproducing heads is constituted. 

[0028] In addition, it cannot be overemphasized that a cap layer is formed by being made from Ta etc., and you may 
make it prevent oxidization so that the upper surface of the portion which the electrode lead layer 10 of a 
right-andHeft couple and the free magnetic layer 4 exposed may be worn. 

[0029] A magnetic field is given in the direction of Y, it is heat-treated in predetermined temperature and 
predetermined time (annealing), and the direction of magnetization of the fixed magnetic layer 2 is fixed in the direction 
of Y by the switched connection magnetic field with the antiferromagnetism layer 1 so that the direction of 
magnetization of the fixed magnetic layer 2 which constitutes the GMR element 5 may become in the head sliding 
surface which counters a magnetic-recording medium, and the direction Y (direction perpendicular to the space of 
drawing 1 ) which goes direct It is made to become towards magnetization of the direction of magnetization of the 
ferromagnetic 7 of the right-and-left couple which constitutes the laminating length bias layer 9 of the fixed magnetic 
layer 2 on the other hand in the direction (for it to set to drawing 1 and for them to be X or the direction of -X) which 
carried out abbreviation nonstop. It is required to select and use the material of the antiferromagnetism film 8 which 
can set up the direction of magnetization on the conditions on which at least one condition differs from the setups of 
th direction of magnetization of the fixed magnetic layer 2 among the conditions of the magnetic field strength for 
setting up the direction of magnetization of a ferromagnetic 7, heat treatment temperature, or the processing time. 
[0030] Furthermore, generate a ferromagnetic 7 and a strong switched connection magnetic field, and so that, as for 
the direction of magnetization of a ferromagnetic 7, the direction of magnetization of an opposite direction may be 
given to the free magnetic layer 4 The thickness of the thickness of the nonmagnetic membrane 6 of the right-and-left 
couple which constitutes the laminating length bias layer 9 of a right-and-left couple is set up. and the direction of 
magnetization of the free magnetic layer 4 (in for example, the case of the direction of X) is carried out in the direction 
of magnetization of a ferromagnetic 7, and the direction of magnetization of an opposite direction (the direction of -X). 
If th thickness of a nonmagnetic membrane 6 is small, the direction of magnetization of the free magnetic layer 4 is 
still the same direction as the direction of magnetization of a ferromagnetic 7 and the thickness of another side and a 
nonmagnetic membrane 6 is too large, by thickness, the direction of magnetization of the free magnetic layer 4 will 
change periodically with the direction where the direction of magnetization is the same, or a reverse direction, and will 
also decreas magnetic field strength gradually as it becomes again in the direction of origin, i.e., the same direction as 
Therefore, it is necessary to set the thickness of a nonmagnetic membrane 6 as the suitable range. According to the 
examination result, the thickness of a nonmagnetic membrane 6 changed with non-magnetic materials to be used, and 
obtained the result like Table 1 . 
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[0032] Moreover, as shown in drawing 1 (b), the cap layer 1 1 may be formed using non-magnetic materials, such as Ta 
which is in contact with the upper surface of the free magnetic layer 4 which is between the laminating length bias 
layers 9 of the right-and-left couple in the gestalt 1 of the above-mentioned operation, and is in the topmost part of 
the magnetoresistance-effect element 5. 

[0033] According to the gestalt 1 of this operation, as mentioned above as a vertical bias layer which gives the 
direction of magnetization to a free magnetic layer The laminating of a ferromagnetic and the antiferromagnetism film is 
carri d out as composition used as the laminating length bias layer which carried out the laminating of the nonmagnetic 
m mbrane, ferromagnetic, and antiferromagnetism film of a right-and-left couple, respectively, by the switched 
connection magnetic field with an antiferromagnetism film By constituting the free magnetic layer which counters a 
ferromagnetic through the nonmagnetic membrane which the direction of magnetization of a ferromagnetic was 
arranged in the fixed direction (for example, the direction of -X), and was formed by suitable thickness As compared 
with the case where the laminating of the direct antiferromagnetism material is carried out to a free magnetic layer, the 
direction of magnetization of a free magnetic layer (for example, the direction of X) is fixed more strongly, by one side 
Th portion of the free magnetic layer which constitutes the GMR element between the free magnetic layers of the 
right and left which have countered the ferromagnetic of a right-and-left couple It is stabilized, becomes easy to be 
suitable in the direction of X, and will become very stable, and there can be little generating of a Barkhausen noise, 
r production sensitivity can be high, and reproducibility ability can be stabilized. 

[0034] (Gestalt 2 of operation) Drawing 2 is the explanation schematic diagram showing the gestalt 2 of operation of 
this invention, and is the ** type view near the magnetoresistance-effect element seen from the head sliding-surface 
sid which counters a magnetic-recording medium. 

[0035] In drawing 2 (a), like the gestalt 1 of the above-mentioned operation, laminating membrane formation of the 
antiferromagnetism layer 1 , the fixed magnetic layer 2, the nonmagnetic conductive layer 3, and the free magnetic layer 
4 is carried out one by one, and the GMR element 5 is formed on the lower gap insulating layer (not shown) formed on 
the I wer shield layer (not shown). Furthermore, on it, using the same material as the gestalt 1 of the above-mentioned 
operation, laminating membrane formation of the 1st nonmagnetic membrane 2001, Istf rromagnetic 2002, 2nd 
nonmagnetic membrane 2003, 2nd ferromagnetic 2004, and antiferromagnetism film 2005 of a right-and-left couple is 
carried out one by one, respectively, and the laminating length bias layer 21 of a right-and-left couple is formed. In 
addition, it is the same as the gestalt 1 of operation for the direction of magnetization to become in the same direction 
of the 1 st ferromagnetic 2002, the free magnetic layer 4 and the 1 st ferromagnetic 2002, and the 2nd ferromagnetic 
2004 which adjoin them by the thickness of the 1st nonmagnetic membrane 2001 and the 2nd nonmagnetic membrane 
2003, or to become in the reverse direction. Moreover, like the gestalt 1 of operation, on the electrode lead layer 22 
and the exposed GMR element 5, on the laminating length bias layer 21 of a right-and-left couple, the electrode lead 
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layer 22 of a right-and-left couple is formed, an up gap insulating layer (not shown) is formed, an up shield layer (not 
shown) is formed on it, and the magnetoresistance-effect type thin film magnetic head for the reproducing heads is 
formed further. 

[0036] Moreover, as shown in drawing 2 </A> (b) It is between the laminating length bias layers 21 of a right-and-left 
couple which consist of the 1st nonmagnetic membrane 2001, 1st ferromagnetic 2002, 2nd nonmagnetic membrane 
2003, 2nd ferromagnetic 2004, and antiferromagnetism film 2005 of a right-and-left couple, each in the gestalt 2 of the 
above-mentioned operation — The cap layer 23 may be formed so that the upper surface of the free magnetic layer 4 
which constitutes the magnetoresistance-effect element 5 may be touched. 

[00371 According to the gestalt 2 of this operation, as mentioned above by there being the same effect as the gestalt 1 
of the above-mentioned operation, and carrying out membrane formation formation of the antiferromagnetism film on 
th 2nd ferromagnetic By the switched connection magnetic field between the 2nd ferromagnetic and an 
antiferromagnetism film, the direction of magnetization of the 2nd ferromagnetic is arranged in the fixed direction. And 
th direction of magnetization of the 1 st ferromagnetic which counters the 2nd ferromagnetic of a right-and-left couple 
through the 2nd nonmagnetic membrane of the right-and-left couple which has suitable thickness is arranged with the 
2nd direction and opposite direction of magnetization of a ferromagnetic. Furthermore, by making the 1 st ferromagnetic 
counter through the 1 st nonmagnetic membrane formed by suitable thickness, and constituting a free magnetic layer It 
compares with the case where the laminating of the direct antiferromagnetism material is carried out to a free magnetic 
layer. The direction of magnetization of a free magnetic layer (For example, the direction of X) is fixed more strongly, 
and the direction of magnetization of the free magnetic layer of the portion which has countered the 1 st ferromagnetic 
of a right-and-left couple becomes what was stabilized very much. The direction of magnetization of the portion of the 
free magnetic layer between the portions of the free magnetic layer which has countered the 1 st ferromagnetic of a 
right-and-left couple is also stabilized, and become easy to be suitable in the same direction. Furthermore, by making it 
counter with the 1 st ferromagnetic and the 2nd ferromagnetic through the 2nd nonmagnetic membrane as a laminating 
length bias layer, and making it the thickness of the 2nd nonmagnetic membrane so that the direction of each other 
magnetization may become in the reverse direction The 1 st ferromagnetic and 2nd ferromagnetic will negate the 
leakage magnetic field by end-face magnetic charge mutually. And it prevents the direction of the magnetization by the 
anti— magnetic field in the end face of a ferromagnetic inclining in the direction of Y, and magnetization of a 
ferromagnetic will also gather to an edge, becomes the stable high sensitivity thing to an external magnetic field, and 
can make reproducibility ability stability further. 

[0038] In addition, in the gestalten 1 and 2 of the above-mentioned operation, although the fixed magnetic layer and the 
fr e magnetic layer are described to be formed with a respectively single material, as shown in drawing 2 (c), they may 
be the laminating fixed magnetic layer 24 which consists a fixed magnetic layer of the 1 st fixed magnetic layer film 
2006, the 1 st non-magnetic layer film 2007, and the 2nd fixed magnetic layer film 2008. Although the direction of 
magnetization of the fixed magnetic layer film which counters through the non-magnetic layer film by the thickness of 
the non-magnetic layer film which intervenes between fixed magnetic layer films at this time becomes in the 
respectively same direction or turns into an opposite direction, you have to set up the thickness of a non-magnetic 
layer film so that it may become in the reverse direction. Moreover, as shown in drawing 2 (d), they are the free 

magnetic layer film 201 1 of the free magnetic layer 1st, and the 2nd free magnetic layer film 2012 The free magnetic 

layer film which consists of the n-th free magnetic layer film 2013, and adjoins each other mutually may be the 
laminating free magnetic layer 25 using soft magnetic materials of a different kind 

[0039] (Form 3 of operation) Drawing 3 - drawing 1 1 are outline explanatory drawings showing the form 3 of operation 
of this invention, are process outline explanatory drawing for explaining the manufacturing process of the 
magnetoresistance-effect type thin film magnetic head for reproduction, and are the cross section cut in respect of 
being parallel to a head sliding surface [ near the head sliding surface which counters a magnetic-recording medium ]. 
Hereafter, the manufacture method of the magnetoresistance-effect type thin film magnetic head for reproduction is 
explained in order of each process using a drawing. 

[0040] As shown in drawing 3 , membranes are formed on the substrate 30 made from AITiC etc.. and the nonmagnetic 
insulating material of aluminum203, AIN, or Si02 grade is used on the lower shield layer 31 made from soft magnetic 
materials, such as a permalloy, Co system amorphous magnetic film, or Fe system particle magnetic film, and the lower 
gap insulating layer 32 is formed. 

[0041] As shown in drawing 4 (a), as the 1st process on the lower gap insulating layer 32 As the antiferromagnetism 
lay r 41 is formed using material, such as an IrMn system, alphaFe203, NiO, a FeMn system alloy film, a IMiMn system 
alloy film, or a PtMn system alloy film, and it is further shown in drawing 4 (b) Moreover, the fixed magnetic layer 42 is 
formed by being made from a NiFe system alloy film, Co, or a CoFe alloy film. Next, as shown in drawing 4 (c), the 
nonmagn tic conductive layer 43 made from Cu etc. is formed on the fixed magnetic layer 42. Furthermore, as shown in 
drawing 4 (d), on the nonmagnetic conductive layer 43, the free magnetic layer 44 is formed using the same material as 
th fix d magnetic layer 42, and the GMR element 45 by which laminating membrane formation of the 
antif rromagnetism layer 41, the fixed magnetic layer 42, the nonmagnetic conductive layer 43, and the free magnetic 
layer 44 was carried out one by one by the thin film is formed. 

[0042] As the 2nd process, as shown in drawing 5 (a), the mushroom type resist 51 is formed on the GMR element 45, 
on the free magnetic layer 44 which constitutes the GMR element 45, non-magnetic materials, such as Ru, are used 
and the nonmagnetic membrane 52 of a right-and-left couple is formed. In addition, the thickness of the nonmagnetic 
membrane 52 at this time forms membranes by the thickness of the nonmagnetic membrane 52 of a right-and-left 
couple from which membranes are formed at a back process and the direction of magnetization of the free magnetic 
layer 44 turns into the direction of magnetization of a ferromagnetic, and an opposite direction by the switched 
connection magnetic field with the ferromagnetic magnetized. Furthermore, the ferromagnetic 53 of a right-and-left 
couple is formed on it using the same material as the free magnetic layer 44 which constitutes the GMR element 45. 
Furthermore, the material same on it as the antiferromagnetism layer 41 of the GMR lement 45 (how ver, it is better 
not to use a metal oxide film depending on the case) It uses, membrane formation formation of the antiferromagnetism 
film 54 of a right-and-left couple is carried out, and the laminating length bias layer 55 of the right-and-left couple 
which consists of the nonmagnetic membranes 52, the ferromagnetics 53, and the antiferromagnetism films 54 of a 
right-and-left couple, respectively is formed. In addition, it is necessary to set the material of the antiferromagnetism 
film 54 used as the material of the heat treatment conditions (magnetic field strength, heat treatment temperature, or 
heat treatment time) of the antiferromagnetism layer 41 which orients magnetization with the fixed magnetic layer 42 
which constitutes the GMR element 45 from which any one condition differs at least at this time. 
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[0043] As the 3rd process, as shown in drawing 5 (b), on the antiferromagnetism film 54 of a right-and-left couple, 
non-magnetic materials, such as Cu, Cr, or Ta, are used, and the electrode lead layer 56 of a right-and-left couple is 
formed. 

[0044] As shown in drawing 6 (a), in order to prevent oxidization of the free magnetic layer 44 equivalent to the portion 
which the GMR element 45 exposed on the portion which the electrode lead layer 56 of a right-and-left couple and the 
GMR element 45 exposed and to raise corrosion resistance as the 4th process, the cap layer 61 is formed with 
material, such as Ta. 

[0045] Next, as shown in drawing 6 (b), on them, the up gap insulating layer 62 is formed using the same insulating 
material as the lower gap insulating layer 32, further, as shown in drawing 6 (c), on the up gap insulating layer 62, 
membrane formation formation of the up shield layer 63 is carried out using the same soft magnetic materials as the 
lower shield layer 31, and the magnetoresistance-effect type thin film magnetic head 64 for reproduction is formed. 
[0046] In addition, heat treatment (annealing processing) which sets up the direction of each magnetization of the 
ferromagnetic which constitutes the fixed magnetic layer or laminating length bias layer which constitutes a GMR 
element After forming the cap layer 61 so that the electrode lead layer 56 of a right-and-left couple may be formed 
and a it top may be covered, It is desirable to carry out in the stage before carrying out patterning of the GMR element 
45, the laminating length bias layer 55 of a right-and-left couple, the electrode lead layer 56 of a right-and-left couple, 
and the cap layer 61 to a predetermined configuration and being shaved off. namely, the head sliding surface which 
counters a magnetic-recording medium after the 4th process end and the direction (direction perpendicular to the 
space of drawing 6 (a)) of Y which goes direct — a magnetic field — in addition, at predetermined temperature, 
annealing (heat treatment) is carried out by the predetermined time, and the direction of magnetization of the fixed 
magnetic layer 42 is fixed in the direction of Y by the switched connection magnetic field with the antiferromagnetism 
layer 41 Moreover, the direction which intersects perpendicularly towards magnetization of the fixed magnetic layer 42 
(the direction of Y) Add a magnetic field in (for example, the direction of -X), and it heat-treats on the heat treatment 
conditions which set up the direction of magnetization of the fixed magnetic layer 42, and different conditions 
(annealing). Without affecting it towards magnetization of the fixed magnetic layer 42, it is made to intersect 
perpendicularly towards magnetization of the direction of magnetization of a ferromagnetic 53 of the fixed magnetic 
layer 42, and is made to become the direction of magnetization of the direction of magnetization of the free magnetic 
layer 44 of a ferromagnetic 53, and an opposite direction (the direction of X) by the switched connection magnetic field 
with a ferromagnetic 53. Moreover, the sequence of heat treatment (annealing processing) of setting up the direction of 
each magnetization of the ferromagnetic of a fixed magnetic layer or a laminating length bias layer may process first 
which magnetic film of a fixed magnetic layer or a ferromagnetic. 

[0047] In addition, in the 1 st above-mentioned process, as shown in drawing 2 (c), you may form the laminating fixed 
magnetic layer 24 which carried out laminating membrane formation of the 1st fixed magnetic layer film 2006, the 1st 
non-magnetic layer film 2007. and the 2nd fixed magnetic layer film 2008 for the fixed magnetic layer one by one, and 
carried out the laminating of the fixed magnetic layer film of two or more layers through the non-magnetic layer film. 
Moreover, as shown in drawing 2 (d), it cannot be overemphasized that laminating membrane formation may be carried 
out using the material of the free magnetic layer film 201 1 of the free magnetic layer 1st. the 2nd free magnetic layer 

film 2012 different species [ magnetic layer / free / which adjoins each other mutually like the n-th free magnetic 

layer film 2013 ]. and the laminating free magnetic layer 25 may be formed 

[0048] Moreover, after cleaning the upper surface of the free magnetic layer 44 formed by the topmost part of the 
GMR element 45 as the 2nd above-mentioned process after forming the mushroom type resist 51 by methods, such as 
a pulley spatter by Ar etc., or efficient consumer response, and removing the oxide film of the front face of the free 
magnetic layer 44, the residue of a resist, a foreign matter, or dirt, the nonmagnetic membrane 52 of a right-and-left 
couple is formed on the free magnetic layer 44 of the GMR element 45. Next, on it. form the ferromagnetic 53 of a 
right-and-left couple, and membrane formation formation of the antiferromagnetism film 54 of a right-and-left couple is 
carried out further at the ferromagnetic 53 top of a right-and-left couple. By forming the laminating length bias layer 55 
of the right-and-left couple which consists of the nonmagnetic membranes 52, the ferromagnetics 53, and the 
antiferromagnetism films 54 of a right-and-left couple, respectively A foreign matter can be lost between a laminating 
length bias layer and a free magnetic layer, the fall of a switched connection magnetic field can be inhibited, and a 
strong switched connection magnetic field can be maintained. 

[0049] Moreover, as the 2nd process, as shown in drawing 7 (a), the ferromagnetic layer membrane 702 is formed using 
th same material as the free magnetic layer 44 which forms the non-magnetic layer film 701 by the thickness which 
fulfilled the conditions of the thickness of the above-mentioned nonmagnetic membrane using non-magnetic materials, 
such as Ru, next constitutes the GMR element 45 on the upper surface of the non-magnetic layer film 701 so that the 
upper surface of the free magnetic layer 44 which constitutes the GMR element 45 may be worn. Furthermore, 
laminating membrane formation of the antiferromagnetism layer membrane 703 is carried out using the material 
(however, it is better not to use a metal oxide film depending on the case) same on the upper surface of the 
ferromagnetic layer membrane 702 as the antiferromagnetism layer 41 of the GMR element 45. A photoresist is applied, 
next, by methods, such as dry etching It is deleted so that the upper surface of the free magnetic layer 44 where the 
non-magnetic layer film 701, the ferromagnetic layer membrane 702, and the antiferromagnetism layer membrane 703 
by which the laminating was carried out constitute the GMR element 45 may be exposed, as shown in drawing 7 (b). 
The nonmagnetic membrane 71, the ferromagnetic 72, and the antiferromagnetism film 73 of a right-and-left couple are 
formed, respectively, and the laminating length bias layer 74 of the right-and-left couple which consists of the 
nonmagnetic membranes 71, the ferromagnetics 72, and the antiferromagnetism films 73 of a right-and-left couple, 
respectively is formed. In addition, the ferromagnetic layer membrane 702 and the antiferromagnetism layer membrane 
703 are deleted at least, and the non-magnetic layer film 701 may be made to be exposed by methods, such as dry 
etching. It is desirable to perform it, after carrying out laminating membrane formation of the non-magnetic layer film 
701, the ferromagnetic layer membrane 702, and the antiferromagn tism layer membrane 703 one by one, and before 
heat treatment for setting the direction of magnetization as the free magnetic layer by the switched connection 
magnetic field with the ferromagnetic which constitutes the fixed magnetic layer in this case and a laminating length 
bias layer is deleted so that the upper surface of the non-magnetic layer film 701 or the free magnetic layer 44 may be 
exposed by methods, such as dry etching. Next, as the 3rd process, as shown in drawing 7 (c), the electrode lead layer 
membrane 705 is formed so that the whole may be covered on the portion which the antiferromagnetism film 73 of a 
right-and-left couple and the GMR element 45 exposed, a photoresist may be applied, the electrode lead layer 
membrane 705 may be deleted by methods, such as dry etching, and the electrode lead layer 75 may be formed after 



03/04/08 19:50 



that, moreover, it is shown in drawing 7 (d) — as — a mushroom — a type resist (not shown) may be formed and 
membrane formation formation of the electrode lead layer 76 may be carried out Other processes can also produce the 
ma gnetore si stance-effect type thin film magnetic head for reproduction using the same process as the 
above-mentioned process. 

[0050] Moreover, as the 2nd process, as shown in drawing 8 , so that the upper surface of the free magnetic layer 44 
which constitutes the GMR element 45 may be worn The type resist 82 is formed, the mushroom after forming a 
nonmagnetic membrane 81 by the thickness which fulfilled the conditions of the thickness of the above-mentioned 
nonmagnetic membrane using non-magnetic materials, such as Ru, — Membrane formation formation of the 
ferromagnetic 83 and the antiferromagnetism film 84 of a right-and-left couple may be carried out one by one, 
respectively, and the laminating length bias layer 85 of a right-and-left couple which consists of a nonmagnetic 
membrane 81, a ferromagnetic 83 of a right-and-left couple, and an antiferromagnetism film 84 of a right-andHeft 
couple may be formed. 

[0051] moreover, the 2nd above-mentioned process — setting — a mushroom — as the 3rd process, as shown in 
drawing 9 (a), after the antiferromagnetism film 54 of a right-and-left couple is formed using a type resist the 
mushroom — the portion top which deleted the type resist and the antiferromagnetism film 54 of a right-and-left 
couple and the GMR element 45 exposed — the whole — a wrap, as the electrode lead layer membrane 91 is formed 
like and it is shown in drawing 9 (b) after that A photoresist may be applied, a part of electrode lead layer membrane 91 
may be deleted by methods, such as dry etching, and the electrode lead layer 92 of a right-and-left couple may be 
formed so that a part of GMR element 45 may be exposed Moreover, as shown in drawing 9 (c) The electrode lead 
layer membrane 95 is formed like, the upper surface of the free magnetic layer 44 which constitutes the GMR element 
45 from other examples of the 2nd above-mentioned process — a wrap — each which was formed by the upper 
surface of the nonmagnetic membrane 93 formed like — the portion which the antiferromagnetism film 94 of a 
right-and-left couple and the nonmagnetic membrane 93 exposed — a wrap — after that A photoresist may be applied, 
by methods, such as dry etching, a part of electrode lead layer membrane 95 may be deleted so that a part of 
nonmagnetic membrane 93 or GMR element 45 may be exposed, and you may form the electrode lead layer 96 of a 
right-and-left couple. 

[0052] moreover, the mushroom formed at the 2nd process as the 3rd process as shown in drawing 10 (a) — another 
mushroom after removing a type resist — a part of portion which formed the type resist and the antiferromagnetism 
film 54 of a right-and-left couple and the GMR element 45 exposed — a wrap — it may be made like and the electrod 
lead layer 101 of a right-and-left couple may be formed moreover, the mushroom formed at the 2nd process as shown 
* n drawing 10 (b) — another mushroom after removing a type resist — a part of portion which the nonmagnetic 
membrane 102 which formed the type resist and was formed on the antiferromagnetism film 103 of a right-and-left 
couple and the GMR element 45 exposed — a wrap — it may be made like and the electrode lead layer 104 of a 
right-and-left couple may be formed in addition, the mushroom formed at the 2nd process as the 3rd process as shown 
in drawing 10 (c) — the exposed antiferromagnetism layer [ after removing a type resist ] 54, and GMR element 45 top 
— a wrap — like another mushroom on a part of the upper surface of the cap layer which forms the cap layer 1 05 
mad from Ta etc., and is on the GMR element 45 — a type resist (not shown) may be formed and the electrode lead 
layer 106 of a right-and-left couple may be formed The type resist 82 is formed, moreover, the mushroom after the 
nonmagnetic membrane 81 was formed on the GMR element 45 as in drawing 8 — the portion which the 
antiferromagnetism film and the nonmagnetic membrane exposed like the above-mentioned although it did not illustrate 
when the ferromagnetic 83 and the antiferromagnetism film 84 of a right-and-left couple were formed, respectively — 
a wrap — like — a cap layer — forming membranes — another mushroom on it — a type resist may be formed and the 
electrode lead layer of a right-and-left couple may be formed 

[0053] Moreover, in the 2nd above-mentioned process and the 3rd process, as the 2nd process, as shown in drawing 7 
(a) As laminating membrane formation of the non-magnetic layer film 701, the ferromagnetic layer membrane 702, and 
the antiferromagnetism layer membrane 703 is carried out one by one and it is shown in drawing 11 (a) as the 3rd 
proc ss so that the upper surface of the free magnetic layer 44 which constitutes the GMR element 45 may be worn 
Furthermore, after forming the electrode lead layer membrane 1 101 on it, as shown in drawing 1 1 (b) So that a part of 
non-magnetic layer film 701 or free magnetic layer 44 may be exposed Apply a photoresist and the electrode lead layer 
m mbrane 1101, the antiferromagnetism layer membrane 703, and the ferromagnetic layer membrane 702 are shaved 
off at least by methods, such as dry etching. On the free magnetic layer 44, you may form the laminating length bias 
lay r 1 14 of a right-and-left couple which consists of the nonmagnetic membrane 111, the ferromagnetic 1 12, and the 
antiferromagnetism film 1 1 3 of a right-and-left couple, respectively, and the electrode lead layer 1 1 5 of a right-and-l ft 
couple. Also in this case, as for heat treatment (annealing processing) which adds the direction of predetermined 
magn tization to each of the fixed magnetic layer of a GMR element, and a free magnetic layer, it is desirable to carry 
out, after laminating membrane formation of a non-magnetic layer film, a ferromagnetic layer membrane, an 
antiferromagnetism layer membrane, and the electrode lead layer membrane is carried out, and before being deleted by 
dry tching etc. 

[0054] According to the gestalt of this operation, as mentioned above as a vertical bias layer which gives the direction 
of magnetization to a free magnetic layer The laminating of the antiferromagnetism film is carried out on the 
ferromagnetic of a right-and-left couple as composition used as the laminating length bias layer which carried out the 
laminating of the nonmagnetic membrane, ferromagnetic, and antiferromagnetism film of a right-and-left couple, 
resp ctively. by the switched connection magnetic field between a ferromagnetic and an antiferromagnetism film The 
nonmagnetic membrane of the right-and-left couple which was arranged in the direction (for example, the direction of 
-X) where the direction of magnetization of a ferromagnetic is fixed, and was formed by suitable thickness is minded. - 
Fre Magnetic Layer Which Has Countered Ferromagnetic of Right-and-Left Couple Magnetized in the Direction of X 
Sets into the Portion Which Has Countered. A free magnetic layer holds the direction of magnetization (the direction of 
X) strongly by the switched connection magnetic field with a ferromagnetic still stronger than the case of the free 
magnetic layer which touched the antiferromagnetism film directly, and it is one side. The portion of the free magnetic 
layer which constitutes the GMR element between the free magnetic layers of the right and left which have countered 
the ferromagnetic of a right-and-left couple It is stabilized and becomes easy to be suitable in the direction of X, and 
there is little generating of a Barkhausen noise and it can produce the magnetore si stance-effect type thin film 
magnetic head for reproduction which has the reproducibility ability stabilized very much. 

[0055] (Gestalt 4 of operation) Drawing 12 - drawing 19 are outline explanatory drawings showing the gestalt 4 of 
operation of this invention, and are the cross section cut in respect of being parallel to a head sliding surface [ near the 
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head sliding surface which counters a magnetic-recording medium ] like the gestalt 3 of the above-mentioned 
operation. Hereafter, the manufacture method of the magnetoresistance-effect type thin film magnetic head for 
reproduction is explained in order of each process using a drawing. 

[0056] Like the form 3 of the above-mentioned operation, as the 1 st process, as are shown in drawing 4 (a), and the 
antiferromagnetism layer 41 is formed and it is further shown on the lower gap insulating layer 32 at drawing 4 (b), the 
fixed magnetic layer 42 is formed on it Next, as shown in drawing 4 (c), on the fixed magnetic layer 42, the nonmagnetic 
conductive layer 43 is formed, further, as shown at drawing 4 (d), the free magnetic layer 44 is formed on the 
nonmagnetic conductive layer 43, and the GMR element 45 by which laminating membrane formation of the 
antiferromagnetism layer 41, the fixed magnetic layer 42, the nonmagnetic conductive layer 43. and the free magnetic 
layer 44 was carried out one by one by the thin film is formed. 

[0057] next, it is shown in drawing 12 (a) as the 2nd process — as — a mushroom — the type resist 121 is formed and 
the 1 st nonmagnetic membrane } 22 of a right-and-left couple is formed on the free magnetic layer 44 which 
constitutes the GMR element 45 In addition, the thickness of this nonmagnetic membrane 1 22 is the same as that of 
the gestalt 3 of the above-mentioned operation. Furthermore, as shown in drawing 12 (b), the 1 st ferromagnetic 1 23 of 
a right-and-left couple is formed on it. Furthermore, as shown in drawing 13 (a), the 2nd nonmagnetic membrane 131 is 
formed with the same material as the 1 st nonmagnetic membrane 1 22 on the 1 st ferromagnetic 1 23 of a right-and-left 
couple. Furthermore, the 2nd ferromagnetic 132 is formed on it using the same material as the 1st ferromagnetic 123. 
Next, as shown in drawing 13 (b), on the 2nd ferromagnetic 132, membrane formation formation of the 
antiferromagnetism film 1 33 is carried out, and the laminating length bias layer 1 34 of the right-and-left couple which 
consists of the 1st nonmagnetic membrane 122, 1st ferromagnetic 123, 2nd nonmagnetic membrane 131, 2nd 
ferromagnetic 132, and antiferromagnetism film 133 of a right-and-left couple, respectively is formed. 
[0058] As the 3rd process, as shown in drawing 14 (a), like the gestalt 3 of operation, non-magnetic materials, such as 
Cu, Cr, or Ta, are used, and the electrode lead layer 141 of a right-and-left couple is formed on the antiferromagnetism 
film 1 33 of a right-and-left couple. 

[0059] As shown in drawing 14 (b), in order to prevent oxidization of the free magnetic layer 44 equivalent to the 
portion which the GMR element 45 exposed on the portion which the electrode lead layer 141 of a right-and-left 
couple and the GMR element 45 exposed and to raise corrosion resistance as the 4th process, the cap layer 1 42 is 
formed with material, such as Ta. 

[0060] In addition, you have to select the material used as an antiferromagnetism film 133 on the same conditions as 
the gestalt 3 of the above-mentioned operation. It is made to be the same as that of the gestalt 3 of the 
above-mentioned operation after forming the cap layer 142. In order to set up the direction of magnetization of the 
fixed magnetic layer 42 (the direction of Y), and the direction of magnetization of the free magnetic layer 44 in the 
direction (for example, the direction of -X) which intersects perpendicularly towards magnetization of the fixed 
magnetic layer 42 (the direction of Y) A magnetic field is given in each direction, it heat-treats in predetermined 
temperature and predetermined, predetermined time, respectively (annealing), and the direction of predetermined 
magnetization is given to a fixed magnetic layer and a laminating length bias layer, and a free magnetic layer. 
[0061] After forming a type resist, the upper surface of the free magnetic layer 44 formed by the topmost part of the 
GMR element 45 is cleaned by methods, such as a pulley spatter by Ar etc.. or efficient consumer response, moreover 
— as the 2nd process — a mushroom — After removing the oxide film of the front face of the free magnetic layer 44, 
the residue of a resist, a foreign matter, or dirt, as shown in drawing 13 (b), on the free magnetic layer 44, the 1st 
nonmagnetic membrane 122 of a right-anoHeft couple is formed, and the 1 st ferromagnetic 1 23 of a right-and-left 
couple is formed on it. Next, the 2nd nonmagnetic membrane 131 is formed on it, and the 2nd ferromagnetic 132 is 
formed on it Furthermore, the strong switched connection magnetic field of the laminating length bias layer of a 
right-and-left couple and a free magnetic layer is acquired by carrying out membrane formation formation of the 
antiferromagnetism film 133 of a right-and-left couple, and forming the laminating length bias layer 134 of the 
right-and-left couple which consists of the 1 st nonmagnetic membrane 1 22, 1 st ferromagnetic 1 23, 2nd nonmagnetic 
membrane 131, 2nd ferromagnetic 132, and antiferromagnetism film 133 of a right-and-left couple, respectively. 
[0062] Moreover, as the 2nd process, as shown in drawing 1 5 (a), so that the upper surface of the free magnetic layer 
44 which constitutes the GMR element 45 may be worn After carrying out laminating membrane formation of the 1 st 
non-magnetic layer film 1501, the 1st ferromagnetic layer membrane 1502, the 2nd non-magnetic layer film 1503, the 
2nd ferromagnetic layer membrane 1 504, and the antiferromagnetism layer membrane 1 505 one by one, as shown in 
drawing 1 5 (b) Apply a photoresist, and by methods, such as dry etching, so that the upper surface of the free magnetic 
layer 44 which constitutes the 1st non-magnetic layer film 1501 or GMR element 45 may be exposed The 1st 
ferromagnetic layer membrane 1 502 by which the laminating was carried out at least, the 2nd non-magnetic layer film 
1 503, the 2nd ferromagnetic layer membrane 1 504, and the antiferromagnetism layer membrane 1 505 are deleted. The 
1st nonmagnetic membrane 151. 1st ferromagnetic 152, 2nd nonmagnetic membrane 153. 2nd ferromagnetic 154. and 
antiferromagnetism film 1 55 of a right-and-left couple are formed, respectively. You may form the laminating length 
bias layer 156 of the right-and-left couple which consists of the 1st nonmagnetic membrane 151, 1st ferromagnetic 
152. 2nd nonmagnetic membrane 153, 2nd ferromagnetic 154, and antiferromagnetism film 155 of a right-and-left 
couple, respectively. Also in this case, heat treatment (annealing processing) which sets up the direction of each 
magnetization of the ferromagnetic of a fixed magnetic layer or a laminating length bias layer After carrying out 
laminating membrane formation of the 1st non-magnetic layer film 1501, the 1st ferromagnetic layer membrane 1502, 
the 2nd non-magnetic layer film 1 503, the 2nd ferromagnetic layer membrane 1 504, and the antiferromagnetism layer 
membrane 1505 one by one And it is desirable to carry out, before the 1st non-magnetic layer film 1501 by which the 
laminating was carried out, the 1 st ferromagnetic layer membrane 1 502, the 2nd non-magnetic layer film 1 503, the 2nd 
ferromagnetic layer membrane 1 504, and the antiferromagnetism layer membrane 1505 are deleted by methods, such as 
dry tching. 

[0063] Moreover, so that the upper surface of the free magnetic layer 44 which constitutes a GMR element may be 
worn as the 2nd process, as shown in drawing 16 The type resist 1 62 is formed, the mushroom after forming the 1 st 
nonmagnetic membrane 161 — Membrane formation formation of the 1 st ferromagnetic 163, 2nd nonmagnetic 
membrane 1 64, 2nd ferromagnetic 1 65, and antiferromagnetism film 1 66 of a right-and-left couple is carried out one by 
one, respectively. You may form the laminating length bias layer 167 of a right-and-left couple which consists of the 
1st nonmagnetic membrane 161, the 1st ferromagnetic 163 of a right-and-left couple, the 2nd nonmagnetic membrane 
164, the 2nd ferromagnetic 165, and an antiferromagnetism film 166 of a right-and-left couple. 

[0064] Moreover, like other examples in the form 3 of the above-mentioned operation, as the 3rd process, as shown in 
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drawing 17 (a) The electrode lead layer membrane 171 is formed like, a mushroom — the portion top which the free 
magnetic layer 44 which deletes a type resist and constitutes the antiferromagnetism film 133 and GMR element of a 
right-and-left couple exposed — the whole — a wrap — Then, a photoresist is applied, by methods, such as dry 
etching, delete a part of electrode lead layer membrane 1 7 1 , it is made exposed [ some upper surfaces of the free 
magnetic layer 44 ]. and the electrode lead layer 172 of a right-and-left couple may be formed. The electrode lead 
layer membrane 1 73 is formed so that the upper surface [ of a portion ] and antiferromagnetism film 166 top which the 
1st nonmagnetic membrane 161 formed so that the upper surface of the free magnetic layer 44 which constitutes the 
GMR element 45 from the 2nd process in other examples might be worn, as shown in drawing 1 7 (b) exposed may be 
covered. Moreover, after that A photoresist may be applied, by methods, such as dry etching, a part of electrode lead 
layer membrane 173 may be deleted so that a part of 1st nonmagnetic membrane 161 or free magnetic layer 44 may be 
exposed, and you may form the electrode lead layer 1 74 of a right-and-left couple. 

[0065] moreover, the mushroom formed at the 2nd process as the 3rd process as shown in drawing 18 (a) — a type 
resist — deleting — another mushroom — a part of portion which the free magnetic layer 44 which forms the type 
resist 181 and constitutes the antiferromagnetism film 133 and GMR element of a right-and-left couple exposed — a 
wrap — it may be made like and the electrode lead layer 182 of a right-and-left couple may be formed moreover, the 
mushroom formed at the 2nd process as shown in drawing 18 (b) — a type resist — deleting — another mushroom — 
a part of portion which the 1st nonmagnetic membrane 161 which formed the type resist 183 and was formed on the 
antiferromagnetism film 166 of a right-and-left couple and the free magnetic layer 44 exposed — a wrap — it may be 
made like and the electrode lead layer 1 84 of a right-and-left couple may be formed In addition, although not illustrated, 
as explained in other examples of the 3rd process in the gestalt 3 of the above-mentioned operation another mushroom 
— the portion which the free magnetic layer 44 which constitutes the antiferromagnetism film 133 and GMR element of 
a right-and-left couple exposed before forming the type resist 181 — a wrap — like — a cap layer — forming 
m mbranes — after and another mushroom — the type resist 181 may be formed and the electrode lead layer 182 of a 
right-and-left couple may be formed moreover, another mushroom — the portion top which the 1 st nonmagnetic 
membrane 161 formed on the antiferromagnetism film 166 of a right-and-left couple and the free magnetic layer 44 
exposed before forming the type resist 1 83 — a wrap — like — a cap layer — forming membranes — after and 
another mushroom — the type resist 183 may be formed and the electrode lead layer 184 of a right-and-left couple 
may be formed 

[0066] Moreover, in the 2nd above-mentioned process and the 3rd process, as the 2nd process, as shown in drawing 19 
Laminating membrane formation of the 1st non-magnetic layer film 1901, the 1st ferromagnetic layer membrane 1902, 
the 2nd non-magnetic layer film 1 903, the 2nd ferromagnetic layer membrane 1 904, and the antiferromagnetism layer 
membrane 1905 is carried out one by one so that the upper surface of the free magnetic layer 44 which constitutes a 
GMR element may be worn. Next, as the 3rd process, after forming the electrode lead layer membrane 1 906 on it 
further, so that a part of free magnetic layer 44 may be exposed A photoresist is applied and the electrode lead layer 
membrane 1906, the antiferromagnetism layer membrane 1905, the 2nd ferromagnetic layer membrane 1904. the 2nd 
nonmagnetic membrane 1903, the 1st ferromagnetic 1902, and the 1st non-magnetic layer film 1901 are shaved off by 
methods, such as dry etching, on the free magnetic layer 44 You may form the laminating length bias layer 1 96 of a 
right-and-left couple which consists of the 1st nonmagnetic membrane 191, 1st ferromagnetic 192, 2nd nonmagnetic 
membrane 193. 2nd ferromagnetic 194, and antiferromagnetism film 195 of a right-and-left couple, respectively, and the 
electrode lead layer 197 of a right-and-left couple. In addition, at this time, you may shave off by methods, such as dry 
etching, so that the 1st non-magnetic layer film 1901 may be exposed. Also in this case, heat treatment (annealing 
processing) which sets up the direction of each magnetization of the ferromagnetic of a fixed magnetic layer or a 
laminating length bias layer After carrying out laminating membrane formation of the 1st non-magnetic layer film 1901, 
the 1st ferromagnetic layer membrane 1902, the 2nd non-magnetic layer film 1903. the 2nd ferromagnetic layer 
membrane 1 904, the antiferromagnetism layer membrane 1 905, and the electrode lead layer membrane one by one And 
it is desirable to carry out, before being deleted so that a photoresist may be applied and a part of free magnetic layer 
44 may be exposed by methods, such as dry etching. 

[0067] At the same time the same effect as the gestalt 3 of the above-mentioned operation is acquired as mentioned 
above according to the gestalt of this operation By choosing suitably the thickness of the 2nd nonmagnetic membrane 
of a laminating length bias layer, and making the direction of magnetization of the 1 st ferromagnetic and the 2nd 
ferromagnetic into each other in the direction of a retrose The leakage magnetic field by the end-face magnetic charg 
of a ferromagnetic will be mutually negated by the 1st ferromagnetic and 2nd ferromagnetic. And it prevents the 
direction of the magnetization by the anti-magnetic field in the end face of a ferromagnetic inclining in the direction of 
Y. Magnetization of a ferromagnetic will also gather to an edge, becomes that by which the direction of magnetization of 
a free magnetic layer was stabilized more, and can produce the magnetoresistance-effect type thin film magnetic head 
for reproduction which has the reproducibility ability stabilized further. 

[0068] (Gestalt 5 of operation) Drawing 20 - drawing 22 are outline explanatory drawings showing the gestalt 5 of 
op ration of this invention, are process outline explanatory drawing for explaining the manufacturing process of the 
magnetoresistance-effect type thin film magnetic head for reproduction, and are the cross section cut in respect of 
being parallel to a head sliding surface [ near the head sliding surface which counters a magnetic-recording medium ]. 
Hereafter, the manufacture method of the magnetoresistance-effect type thin film magnetic head for reproduction is 
explained in order of each process using a drawing. 

[0069] As the 1st process, as shown in drawing 20 (a), on the GMR element 205 which laminating membrane formation 
was carried out and was formed, the antiferromagnetism layer 201, the fixed magnetic layer 202, the nonmagnetic 
conductive layer 203, and the free magnetic layer 204 use material, such as Ta, and form the cap layer 206 for 
antioxidizing of the free magnetic layer 204. 

[0070] Next, as the 2nd process, as shown in drawing 20 (b), a part of cap layer 206 is deleted, on it, laminating 
membrane formation of the nonmagnetic membrane 2051, the ferromagnetic 2052, and th antiferromagnetism film 2053 
of a right-and-left couple is carried out one by one, respectively, and the laminating length bias layer 208 of a 
right-and-left couple is formed so that the mushroom type resist 207 may be formed and a part of both-sides section 
of the free magnetic layer 204 of the GMR element 205 may be exposed. 

[0071] As the 3rd process, as shown in drawing 20 (c), on the antiferromagnetism film 2053 of a right-and-left couple, 
non-magnetic materials, such as Cu, Cr, or Ta, are used, and the electrode lead layer 209 of a right-and-left couple is 
formed. Thus, the magnetoresistance-effect type thin film magnetic head for reproduction is producible. 
[0072] moreover, the 2nd above-mentioned process is shown in drawing 21 — as — a mushroom — so that the type 
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resist 210 may be formed and a part of both-sides section of the free magnetic layer 204 of a GMR element may be 
exposed A part of cap layer 206 is deleted, on it, the 1st nonmagnetic membrane 211, 1st ferromagnetic 212, 2nd 
nonmagnetic membrane 213, 2nd ferromagnetic 214, and antiferromagnetism film 215 of a right-and-left couple may be 
formed, respectively, and the laminating length bias layer 216 of a right-and-left couple may be formed. 
[0073] Moreover, the fixed magnetic layer formed in the 1st process may be a laminating fixed magnetic layer which 
consists of a fixed magnetic layer which counters through a non-magnetic layer as shown in drawing 2 (c). Moreover, 
you may be the laminating free magnetic layer which the free magnetic layer which a free magnetic layer also adjoins 
turns into from two or more layers using soft magnetic materials of a different kind as shown in drawing 2 (d) similarly. 
[0074] A type resist is deleted, moreover, it is shown in drawing 22 (a) as the 3rd process — as — a mushroom — The 
electrode lead layer membrane 221 is formed so that the whole may be covered on the portion which the cap layer 206 
formed on the free magnetic layer 204 which constitutes the antiferromagnetism film 2053 and GMR element of a 
right-and-left couple exposed. Then, a photoresist may be applied, a part of electrode lead layer membrane 221 may be 
deleted by methods, such as dry etching, and the electrode lead layer 222 of a right-and-left couple may be formed so 
that a part of cap layer 206 on the free magnetic layer 204 may be exposed. 

[0075] The type resist 223 is formed, moreover, the mushroom formed at the 2nd process as the 3rd process as shown 
in drawing 22 (b) — another mushroom after removing a type resist — As a part of portion which the cap layer 206 
formed on the free magnetic layer 204 which constitutes the antiferromagnetism film 2053 and GMR element of a 
right-and-left couple exposed is covered, you may form the electrode lead layer 224 of a right-and-left couple. In the 
case of the laminating length bias layer by which the laminating was carried out, the electrode lead layer of a 
right-and-left couple can be similarly formed by five layers which consist of the 1 st nonmagnetic membrane, 1 st 
ferromagnetic, 2nd nonmagnetic membrane, 2nd ferromagnetic, and antiferromagnetism film. 
[0076] As mentioned above, according to the gestalt of this operation, the same effect as the gestalt 3 of the 
above-mentioned operation and the gestalt 4 of operation is acquired, it becomes that by which the direction of 
magnetization of a free magnetic layer was stabilized more, and the magnetoresi stance-effect type thin film magnetic 
head for reproduction which has the reproducibility ability stabilized further can be produced. 
[0077] 

[Effect of the Invention] this invention as mentioned above on the free magnetic layer which constitutes a GMR 
element By forming the laminating length bias layer (three layers or five layers) of 1 time of the laminating of a 
nonmagnetic membrane and a ferromagnetic or 2 times of laminatings, and the antiferromagnetism film further formed 
on it The direction of the magnetization arranged in the fixed direction by the switched connection magnetic field with 
th antiferromagnetism layer which the ferromagnetic of a laminating length bias layer has on it is added, and The 2nd 
nonmagnetic membrane which has the free magnetic layer (in the case of three layers) or the suitable thickness of the 
ferromagnetic which countered through the nonmagnetic membrane which has thickness with a suitable laminating 
length bias layer, and a GMR element is minded. The switched connection magnetic field with the free magnetic layer 
(in the case of five layers) which countered through the 1 st ferromagnetic which countered the 2nd ferromagnetic, and 
the 1st nonmagnetic membrane which has suitable thickness A very strong joint magnetic field is acquired as compared 
with the case of the free magnetic layer which touched the direct antiferromagnetism film. The direction of the 
magnetization stabilized very much by the free magnetic layer of the portion which countered the ferromagnetic 
through the nonmagnetic membrane is given. The free magnetic layer portion between the free magnetic layers of the 
right and left which countered the ferromagnetic through the nonmagnetic membrane It is stabilized in the same 
direction as the direction of magnetization of the free magnetic layer of the right and left which countered the 
ferromagnetic, and become easy to be suitable. Generating of a noise is small and it is very effective in the thin film 
magnetic head which has the ****** head gap length for reproducing the record signal which it is effective in good 
reproducibility ability with high reproduction sensitivity being realizable, and was especially formed into high recording 
density. Moreover, the thin film magnetic head of such outstanding reproducibility ability is easily producible. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The transverse-plane ****** type view of the thin film magnetic head showing the gestalt 1 of operation of 
this invention 

[Drawing 2] The transverse-plane ****** type view of the thin film magnetic head showing the gestalt 2 of operation of 
this invention 

[Drawing 3] The transverse-plane schematic diagram showing a part of manufacturing process of the thin film magnetic 
head in the gestalt 3 of operation of this invention 

[Drawing 4] The transverse-plane schematic diagram showing the 1 st process of the manufacturing process of the thin 
film magnetic head in the gestalt 3 of operation of this invention 

[Drawing 5] The transverse-plane schematic diagram showing the 2nd process of the manufacturing process of the thin 
film magnetic head and the 3rd process in the gestalt 3 of operation of this invention 

[Drawing 6] The transverse-plane schematic diagram showing the 4th process of the manufacturing process of the thin 
film magnetic head in the gestalt 3 of operation of this invention, and the process of other parts 

[Drawing 7] The transverse-plane schematic diagram showing the 2nd process of the manufacturing process of the thin 
film magnetic head and the 3rd process in other examples of the gestalt 3 of operation of this invention 
[Drawing 8] The transverse-plane schematic diagram showing the 2nd process of the manufacturing process of the thin 
film magnetic head in other examples of the gestalt 3 of operation of this invention 

[Drawing 91 The transverse-plane schematic diagram showing the 3rd process of the manufacturing process of the thin 
film magnetic head in other examples of the gestalt 3 of operation of this invention 

[Drawing 10] The transverse-plane schematic diagram showing the 3rd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 3 of operation of this invention 

[Drawing 1 1] The transverse-plane schematic diagram showing the 3rd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 3 of operation of this invention 

[Drawing 12] The transverse-plane schematic diagram showing a part of 2nd process of the manufacturing process of 
the thin film magnetic head which can set operation of this invention gestalt 4 

[Drawing 13] The transverse-plane schematic diagram showing a part of other 2nd process of the manufacturing 
process of the thin film magnetic head which can set operation of this invention gestalt 4 

[Drawing 14] The transverse-plane schematic diagram showing the 3rd process of the manufacturing process of the 
thin film magnetic head and the 4th process that operation of this invention can be set gestalt 4 
[Drawing 15] The transverse-plane schematic diagram showing the 2nd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 4 of operation of this invention 

[Drawing 1 6] The transverse-plane schematic diagram showing the 2nd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 4 of operation of this invention 

[Drawing 1 7] The transverse-plane schematic diagram showing the 3rd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 4 of operation of this invention 

[Drawing 1 8] The transverse-plane schematic diagram showing the 3rd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 4 of operation of this invention 

[Drawing 19] The transverse-plane schematic diagram showing the 2nd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 4 of operation of this invention 

[Drawing 20] The transverse-plane schematic diagram showing the 1st process of the manufacturing process of the 
thin film magnetic head in the gestalt 5 of operation of this invention, the 2nd process, and the 3rd process 
[Drawing 21] The transverse-plane schematic diagram showing the 2nd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 5 of operation of this invention 

[Drawing 22] The transverse-plane schematic diagram showing the 3rd process of the manufacturing process of the 
thin film magnetic head in other examples of the gestalt 5 of operation of this invention 
[Drawing 23] The tropia schematic diagram showing the conventional thin film magnetic head 
[Drawing 24] The transverse-plane ****** type view showing the conventional thin film magnetic head 
[D scription of Notations] 

1 41,201,244 Antiferromagnetism layer 

2 42,202,245 Fixed magnetic layer 

3 43,203,246 Nonmagnetic conductive layer 

4 44,204,247 Free magnetism 

5 45,205,233 Magnetoresistance-effect element (GMR element) 

6, 52, 71, 81, 93, 102. 111, 2051 Nonmagnetic membrane 

7, 53, 72, 83, 112. 2052 Ferromagnetic 

8, 54, 73, 84, 94, 103, 113, 133, 155, 166, 195, 215, 2005, 2053 Antiferromagnetism film 

9, 21. 55, 74, 85, 1 14, 134, 156, 167, 197. 208, 216 Laminating length bias layer 

10, 22, 56, 75, 76, 92, 96, 101, 104. 106. 115. 141. 172, 174. 182, 184. 209. 222. 224. 235 Electrode lead layer 
11.23.61,105,1 42,206,248 Cap layer 

24 Laminating Fixed Magn tic Layer 

25 Laminating Free Magnetic Layer 
30 Substrate 

31,231 Lower shield layer 
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32,232 Lower gap insulating layer 

51, 82, 121. 162, 181. 183. 207, 210, and 223 a mushroom — type resist 

62.236 Up gap insulating layer 

63.237 Up shield layer 

64.238 The magnetoresistance-effect type thin film magnetic head for reproduction 
91, 95, 171. 173. 221. 705, 1101, 1906 Electrode lead layer membrane 

122, 151. 161. 191, 211, 2001 The 1st nonmagnetic membrane 

123. 152, 163, 192. 212. 2002 The 1st ferromagnetic 

131, 153. 164. 193, 213, 2003 The 2nd nonmagnetic membrane 

132, 154. 165. 194, 214. 2004 2nd strong **** 
234 Vertical Bias Layer 

240 Induction-Type Thin Film Magnetic Head for Record 

241 Record Gap Layer 

242 Up Magnetic Pole 

243 Coil Coil 

249 Reproduction Head Gap Length 

701 Non-magnetic Layer Film 

702 Ferromagnetic Layer Membrane 

703, 1505, 1905 Antiferromagnetism layer membrane 
1501, 1901, 2007 1st non-magnetic layer film 

1 502 1 902 1 st ferromagnetic layer membrane 

1 503 1 903 2nd non-magnetic layer film 

1 504 1 904 2nd ferromagnetic layer membrane 
2006 1 st Fixed Magnetic Layer Film 

2008 2nd Fixed Magnetic Layer Film 

201 1 1st Free Magnetic Layer Rim 

2012 2nd Free Magnetic Layer Film 

2013 N-th Free Magnetic Layer Film 
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